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PREFACE  TO  THE  THIRD  EDITION. 


Nearly  twenty  years  ago  the  first  edition  of  this  manual 
was  issued.  Except  for  minor  corrections,  and  the  addition 
of  Tables  XXVIII  and  XXIX,  in  the  second  edition,  less  than 
two  years  later,  no  changes  have  since  been  made.  For  several 
years  the  author  has  had  a  general  revision  in  contemplation, 
but  other  and  more  pressing  calls  have  prevented  this.  As 
finally  made,  the  revision  covers  more  than  was  intended  when 
it  was  begun,  but  falls  short  of  what  it  should  be,  and  has  been 
done  in  a  fragmentary  manner.  It  is  hoped,  however,  that 
the  usefulness  of  the  book  has  been  increased. 

Considerable  new  matter  has  been  added  to  Chapter  V. 
In  order  to  conform  to  present  practice,  formulas  have  been 
derived  for  the  conditions  of  straight  frogs  and  switch  points. 
Some  engineers  prefer  the  more  approximate  treatment,  in  which 
both  switch-rails  and  frogs  are  assumed  to  be  curved,  and 
certainly  the  formulas  are  simpler  and  easier  of  application. 
For  those  who  prefer  it,  the  old  method  has  been  retained 
in  large  part.    One  may  take  his  choice  of  methods. 

A  brief  treatment  of  the  mass-curve  in  connection  with 
overhaul  has  been  inserted,  and  the  subject  of  grades  has  been 
amplified.  Scattered  through  the  text  numerous  other  changes, 
additions,  and  omissions  have  been  made. 

A  number  of  new  tables  have  been  incorporated  in  the  text, 
and  to  the  tables  in  the  back  of  the  book  have  been  added 
Table  la,  Radii  of  Metric  Cin^es;  Table  IXa,  Correction 
Factors  for  Use  with  Table  IX;  and  Table  XXX,  The  True 
Meridian  and  the  Magnetic  Declination.  Table  XIX  has  been 
extended  to  show  volumes  per  100-foot  lengths  of  Prismoids 
for  heights  varying  by  tenths  of  a  foot,  up  to  fifteen  feet.  Soon 
after  the  first  edition  appeared,  considerably  more  than  this 
was  suggested  by  Mr.  R.  A.  Thompson,  now  a  member  of  the 

370011  ^ 


IV  PKEPACE. 

Engineermg  Board  of  the  Interstate  Commerce  Commission, 
but  the  author  side-stepped  then — and  before  the  new  table  was 
half  finished  wished  that  he  had  continued  to  do  so. 

Many  helpful  suggestions  have  been  derived  from  the  follow- 
ing- works:  "Modern  Location  of  Standard  Turnouts,"  by 
Kintz;  "Railroad  Surveying,"  by  Pickles  and  Wiley;  "Rail- 
road Curves  and  Earth-work,"  by  Allen;  "Field  Engineering," 
by  Searles  and  Ives;  "Track  Formulse  and  Tables,"  by  Roberts; 
-  "Railroad  Construction,"  by  Webb;  "American  Railway  Engi- 
jieering  Association  Manual,"  Edition  of  1911.  Acknowledg- 
ment for  suggestions  is  here  made. 

Acknowledgments  are  also  due  many  engineers  who  have 
suggested  additions  from  time  to  time,  many  of  which  have 
been  incorporated.  Had  all  been  included  this  would  no  longer 
be  a  handbook. 

Special  acknowledgments  are  due  Mr.  CM.  Kurtz  for  many 
suggestions  in  addition  to  those  derived  from  his  excellent 
handbook.  Table  IXa  has  been  inserted  at  his  instance,  and 
a  part  of  it  is  his  work.  Table  XXX  is  also  due  to  his  sug- 
gestion. The  section  on  land-line  ties  is  his,  and  likewise  the 
t)roblem  shown  in  Fig.  131.  The  treatment  in  connection 
therewith  was  suggested  by  him.  Mr.  A.  C.  Love,  Professor 
of  Railway  Engineering  in  the  Agricultural  and  Mechanical 
College  of  Texas,  also  made  many  useful  suggestions,  par- 
ticularly in  connection  with  transition-curves  and  the  mass- 
curve.    Formula  (172)i  was  supplied  by  him. 

J.  C.  Nagle. 

Austin,  Texas, 

February,  1917. 
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PREFACE  TO  THE  FIRST  EDITION. 


Ea9B  of  reference  and  uniformity  of  notation  are  essential  in  a 
book  that  is  to  be  consulted  in  the  field.  With  this  in  mind  an 
effort  has  been  made  in  the  following  pages  to  secure  a  systematic 
arrangement  of  the  subject-matter  and  uniformity  of  terms  and 
notation.  Except  for  a  few  cases  Greek  letters  have  been  avoided 
and  a  single  letter  is  used  to  designate  an  angle.  In  so  far  as 
practicable  each  figure  is  intended  to  be  self-explanatory,  so  that 
the  explanations  necessary  in  connection  with  the  problems  have 
been  reduced  to  a  minimum.  Algebraic  equations  stand  each  in 
a  distinct  line,  thus  rendering  them  more  easily  read. 

A  knowledge  of  the  elements  of  geometry  and  trigonometry  has 
been  assumed,  and  only  in  the  derivation  of  a  few  formulas  in 
connection  with  the  theory  of  transition-curves  will  any  higher 
mathematics  be  needed.  But  these  formulas  may  be  accepted  by 
the  reader  who  is  unfamiliar  with  the  calculus  without  in  any 
way  affecting  his  ability  to  understand  their  applications  or  to 
follow  subsequent  reasoning. 

One  can  most  readily  turn  to  what  he  wants  in  a  book  after  hav- 
ing become  familiar  with  its  contents  in  the  classroom.  Keeping 
this  in  mind  this  book  has  been  written  so  that  it  may  be  used  as 
a  text  as  well  as  for  reference  in  the  field.  Wherever  practicable 
solutions  to  problems  have  been  given  in  a  rigid,  general  form, 
followed  by  illustrative  examples,  so  that  the  student  need  not 
lose  sight  of  the  principle  involved  while  following  the  solution 
for  a  particular  case.  Wherever  approximate  solutions  seemed 
preferable  they  have  also  been  given  and  their  limitations  pointed 
out. 

Free  use  has  been  made  of  the  Table  of  Functions  of  a  One- 
degree  Curve,  thus  reducing  the  labor  of  field  computations.  By 
defining  the  degree  of  curve  with  reference  to  short  chords  foi 
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sharp  curves — and,  with  tables  of  Radii,  Long  Chords,  Mid- 
ordinates,  etc.,  based  on  appropriate  equations — ^the  errors  result- 
ing from  assuming  the  radius  to  vary  inversely  with  the  degree 
of  curve  will  generally  be  found  to  be  quite  small. 

Chapter  I  gives  briefly  the  general  method  of  making  Re- 
connoissance;  Chapter  II  treats  of  Preliminary  Surveys;  while 
Chapter  III  relates  to  Location. 

Chapter  IV,  on  Transition-curves,  follows  the  method  adopted 
by  Professor  Crandall,  and  enables  one  to  locate  the  transition- 
curve  with  rigid  accuracy  where  such  is  necessary.  Approximate 
methods  are  also  given  by  means  of  which  the  curve  may  be  as 
easily  located  as  any  of  the  more  limited  easement  curves  ordi- 
narily met  with. 

Chapter  V,  on  Frogs  and  Switches,  contains  all  that  is  necessary 
for  their  location.  The  formulas  have  been  arranged  to  give  the 
desired  quantities  in  terms  of  the  frog  number  whenever  the  re- 
sulting equations  would  be  easier  of  application  than  the  trigono- 
metric ones  usually  given.  The  turnout  tables  are  unusually  full 
and  give  not  only  the  theoretical  lead  but  the  stub  lead  as  well, 
from  which  the  practical  lead  can  be  at  once  found  when  the 
length  of  switch-rail  is  known. 

Chapter  VI,  on  Construction,  tells  how  to  set  slope-stakes,  and 
gives  simple  methods  for  computing  areas  and  volumes  either 
directly  or  by  the  use  of  tables.  A  short  table  of  prismoidal 
corrections  is  given  for  end  sections  level,  and  also  a  formula  for 
three-level  sections,  by  means  of  wliich  a  suitable  table  may  be 
computed  if  desired. 

The  tables  at  the  end  of  this, book  have  been  arranged  with  a 
view  to  ease  of  reference,  for,  whatever  the  character  of  the  text, 
the  chief  value  of  a  field-book  must  depend  upon  the  ease  with 
which  the  tables  may  be  consulted  and  upon  their  extent  and 
accuracy.  Table  IXr-Functions  of  a  One-degree  Curve— sepa- 
rates the  logarithmic  functions  on  the  one  side  from  the  natural 
functions  on  the  other  and  will  be  of  assistance  in  locating  these 
tables.  Table  XVI — Transition-curve  Table — reading  lengthwise 
of  the  page,  likewise  serves  to  separate  the  trigonometric  tables 
from  the  miscellaneous  tables  that  follow. 

Some  engineers  object  to  the  use  of  logarithmic  tables  in  the 
field,  but  for  them  the  natural  functions  are  at  hand;  while  for 
those  who  prefer  logarithms  the  five-place  tables  of  logarithmic 
sines,  cosines,  etc,  will  be  found  easy  to  consult  and  interpolate 
between.  Digitized  by  Google 
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All  trigonometric  tables  are  five-place,  and  others  were  carried 
to  as  many  decimal  places  as  their  character  demanded. 

Tables  I,  III,  IV,  and  V  have  been  computed  to  agree  with 
the  definition  of  the  degree  of  curve  requiring  curves  sharper 
than  7"  to  be  ran  with  chords  less  than  100  feet  in  length,  as 
described  in  the  text.  Tables  XVII  and  XVIU  were  also  com- 
puted expressly  for  this  book. 

Tables  VI  and  XXVIl  are  from  electrotypes  from  Carhart's 
Field  Book  for  Cvcil  Engineers  and  were  furnished  byOinn  &  Co. 
Electrotypes  of  Tables  II.  X,  XII,  XIII,  XIX,  XX,  XXIV,  XXV, 
XXVI,  and  also  XVI  — this  last  being  from  Crandall's  book. 
The  Trarmtion  Curve — were  furnished  by  John  Wiley  &  Sons. 

Of  the  others,  some  were  arranged  from  standard  tables  and 
others  adapted  in  part  and  extended  to  increase  their  usefulness. 

It  will  be  noticed  that  vertical  lines  have  been  omitted  wher 
ever  practicable,  thus  rendering  it  easier  to  refer  to  the  tables. 

Acknowledgments  are  due  my  associate,  Professor  D.  W. 
l^pence,  for  aid  in  making  the  tabular  computations  and  in  readin|f 
proof. 

J.  C.  Naolb. 

Ck>LLiOB  Station,  Texas,  May,  1897. 
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A   FIELD-MANUAL   FOR   RAILROAD 
ENGINEERS. 


CHAPTER  I. 
RECONNOISSANCE. 

Abticlb  1.    Objects  of  Rbgonnoissancb— How  Madb. 

1.  Thb  question  of  the  selection  of  the  proper  route  for  a  line 
of  railway  is  essentially  an  economic  oue,  involving  not  only  the 
cost  of  construction,  but  of  maintenaDce  and  operation,  and  a 
consideration  of  the  immediate  and  future  traffic  likely  to  pass 
over  the  completed  road. 

The  engineer  upon  whom  devolves  the  duty  of  making  the 
•urveys  for  a  railroad  is  not  often  called  upon  to  determine 
whether  it  should  or  should  not  be  built,  though  his  preliminary 
estimate  may  decide  those  whose  duly  it  is  lodo  so  :  the  problem 
confronting  him  is  how  to  secmre  the  best  line,  answering  a  given 
purpose^  fa7'  the  least  cost.  Keeping  in  mind  the  proper  working 
of  the  completed  road,  the  problem  may  be  divided  into  two  gen- 
eral parts :  • 

First.  The  selection  of  the  general  route  between  terminal 
points,  and  in  some  cases  the  selection  of  the  termiuals  them- 
selves. 

Second,  The  fitting  of  the  line  to  the  ground  in  such  a  manner 
AS  will  render  the  cost  of  constructing  and  openiting  the  road  a 
minimum. 

The  iirst  is  by  far  the  more  important  and  difficult  operation, 
requiring  the  highest  grade  of  engiueering  skill— a  fact  too  sel- 
dom recognized  by  those  selecting  engineers  for  this  work.  The 
acquirement  of  the  necessary  skill  can  result  only  from  long 
practice  and  close  observation,  coupled  with  the  ability  to  fully 
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grasp  and  weigh' ah  the  complex  features  of  the  question.  A 
passing  reference  only  can  be  made  to  it  in  this  little  volume, 
which  is  intended  to  furnish  hints  and  aids  to  the  better  execution 
of  the  second  part.  For  the  benefit  of  the  beginner  who  has  to 
do  with  the  location  and  construction  a  few  definitions  and  hints 
relating  to  reconnoissance  will  be  given  before  going  on  to  the 
special  problems  arising  in  the  work  of  the  railroad  engineer. 

2.  The  Reconnoissanoe  is  a  rapid,  general  survey  of  the  area 
through  which  the  proposed  railroad  must  pass,  made  only  with 
■uch  instruments  as  can  be  easily  carried,  and  which  should  ena- 
ble the  engineer  to  restrict  the  more  accurate  instrumental  work 
that  follows  to  one  or  two  general  lines.  The  time  required  for 
this  part  of  the  work  will  in  general  be  only  a  small  f  mction  of 
the  time  consumed  In  location,  involving  the  service  of  very  few 
men;  yet  there  is  no  part  of  the  work  more  rapidly  and  im- 
properly done— not  always  because  the  engineer  in  charge  under- 
estimates its  importance,  but  because  he  is  not  usually  allowed 
sufficient  time  in  which  to  study  thoroughly  the  area  under  con 
sideration. 

Properly  the  reconnoissance  includes  the  determination  of  the 
terminal  points  of  the  road,  but  the  locating  engineer  is  usually 
relieved  from  the  necessity  of  selecting  these  points,  and  the 
question  reduces  to  that  of  finding  the  best  available  line  lohieh 
admits  of  being  buUt,  maintained,  and  operated  at  the  leoMt  cost 
between  two  given  points. 

The  reconnoissance  must  be  made  over  an  area — not  a  line  or 
lines.  Even  what  seems  the  most  unpromising  portion  should 
be  carefully  studied,  for  the  engineer  can  never  be  satisfied  he 
has  selected  the  best  route  until  he  has  convinced  himself  by  care- 
ful study  that  all  others  are  inferior.  Too  much  haste  on  recon- 
noissance means  either  a  poor  line  or  a  much  greater  expenditure 
of  time  and  money  on  the  preliminary.  No  amount  of  notes  or 
topography  can  take  the  place  of  an  intimate  personal  knowledge 
of  the  problems  to  be  encountered,  and  hence  the  reconnoissance 
and  preliminary  survey  should  be  made  by  the  engineer  who  is 
to  locate  the  road. 

3.  The  Instruments  needed  will  rarely  be  more  than  a  pocket- 
compass,  hand-level,  aneroid  barometer,  field-glasses,  and  some- 
times a  pedometer  or  an  odometer. 

(a)  The  Pocket-compass  is  used  to  obtain  the  magnetic  bear- 
ings of  lines  and  the  angles  they  make  with  each  other. 
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(&)  The  Ebrnd-level  enables  one  to  obtain  differences  of  el^^ 
▼ation  between  points  not  far  apart. 

{e)  The  Aneroid  Barometer  gives  approximate  heights  of  the 
merenry  column,  and  serves  to  roughly  determine  the  difference 
of  elevation  of  given  points.  In  addition  to  the  scale  giving 
readings  in  inches,  it  should  have  also  a  scale  graduated  to  give 
readings  in  feet.  If  two  aneroids,  which  have  been  previously 
compared,  are  read  simultaneously,  one  at  each  of  the  points 
whose  difference  of  elevation  is  desired,  or  if  the  same  aneroid  is 
read  at  each  successively  at  a  short  interval  of  time,  during  which 
the  atmospheric  pressure  has  not  sensibly  altered,  we  may  find 
the  difference  of  elevation  by  the  formula* 

d  =  600000og5^-logA)(l  +  ?y^Il??),    .    .    (1) 

in  which  d  is  the  difference  of  altitude  in  feet,  H  and  h  the 
barometric  readings  in  inches — the  logarithms  being  of  the  com- 
mon or  Briggs  kind,  I^and  t  the  temperatures  of  the  two  stations 
in  Fahrenheit  degrees. 

If  the  sum  of  the  temperatures,  1'+ 1,  is  taken  as  lOd"*,  formula 
(1)  reduces  to 

d  =  63000  (log  if -log  A) (1') 

Example. — The  reading  of  the  barometer  at  the  foot  of  a 
mountain  is  28.8  inches,  and  at  the  top  36.7  inches.  Required 
the  height  of  the  mountain. 

By  (!').  d  =  68000  (log  38.8  -  log  36.7)  =  3071  feet. 

The  effect  of  temperature  on  the  metal  of  the  instrument 
should  be  considered  in  the  barometric  formula  when  very  pre- 
cise work  is  to  be  done  ;  but  this  correction,  being  small,  may  be 
neglected  in  the  rough  work  of  reconnoissance,  particularly  since 
the  makers  of  the  instrument  construct  it  in  such  a  way  as  to 
compensate,  as  closely  as  possible,  for  such  changes  of  tem- 
perature. 

(cQ  The  Pedometer  is  an  instrument  which  automatically 
counts  the  number  of  steps  made  by  a  person  when  the  instru- 
ment is  attached  to  his  belt ;  then,  knowing  the  average  length 
of  step,  the  distance  passed  over  can  be  readily  computed. 

The  Odometer  registers  the  number  of  revolutions  of  a  wheel 
to  which  it  is  attached,  and  the  number  of  revolutions  multiplied 
by  the  circumference  of  the  wheel  gives  the  space  passed  over. 

*  See  Plyinpton*8  Aneroid  Barometer,  p.  88,  for  formula  (1). 
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4.  The  Map. — Before  beginning  the  reconnoissance  the  engi- 
neer should  provide  himself  with  the  best  available  map  of  the 
region  to  be  traversed ;  if  this  is  a  topographic  one,  he  can  at 
Dnce  determine  from  it  the  lines  that  are  likelj  to  justify  an 
examination ;  and  even  if  it  is  only  a  sketch-map,  he  can  get 
material  assistance  by  observing  the  courses  of  the  streams  and 
remembering  that  their  positions  indicate  the  relative  elevations 
of  the  portion  of  the  region  through  which  they  flow.  Thus  the 
large  streams  follow  the  lines  of  least  elevation,  and  the  manner 
in  which  the  lateral  streams  unite  with  the  principal  one  indi- 
cates  the  general  trend  of  the  terrain.  Two  streams  flowing 
nearly  parallel  approach  or  recede  from  each  other  according  as 
the  intervening  land  diminishes  or  increases  in  altitude.  Two 
streams  flowing  away  from  each  other  on  opposite  sides  of  a 
divide,  and  having  their  source  therein,  approach  each  other 
closest  at  the  point  of  least  elevation,  and  indicate  the  position  of 
a  pass  or  the  lowest  point  of  the  dividing  ridge.  The  study  of 
any  good  contour  map  covering  sufficient  area  will  illustrate  the 
laws  governing  the  courses  followed  by  streams. 

The  elevations  of  a  few  correctly  mapped  points,  when  obtain- 
able, from  the  map  or  otherwise,  serve  as  a  guide  in  tentatively 
fixing  on  the  maximum  gradient  to  be  employed  and  the  amount 
of  development  needed. 

A  skillful  engineer  will  thus  be  enabled  to  project  his  lines 
with  sufficient  accuracy  to  enable  him  to  select  on  the  ground  the 
most  feasible  route  or  routes  for  his  preliminaries  in  the  least 
possible  time.  He  should  guard  against  the  conviction,  however, 
that  it  is  unnecessary  for  him  to  look  elsewhere  than  along  the 
projected  routes  ;  for  the  inaccuracies  of  the  map,  local  peculiari- 
ties, the  nature  of  the  excavation  and  embankment,  the  number 
and  cost  of  bridges  and  other  mechanical  structures, — all  these 
may  conspire  to  make  the  most  promising  map-line  inferior  to 
some  other  whose  advantages  have  to  be  sought  for  on  the 
'i^round. 

B.  Having  tentatively  decided  on  the  limiting  grades  and  cur- 
vature to  be  employed,  the  engineer  goes  carefully  over  the 
ground,  examining  the  entire  area  that  seems  likely  to  afford 
passage,  in  order  to  determine  whether  a  suitable  line  may  be 
secured  for  the  grades  and  curves  previously  assumed.  With  his 
pocket-compass  he  takes  the  bearings  of  lines,  and  by  means  of 
the  hand-level  and  aneroid  determines  differences  of  elevation. 
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Distances  are  estimated  bj  the  eye,  paced,  and  the  count  taken 
from  the  pedometer,  or,  if  the  country  admits  of  the  use  of  a 
vehicle,  taken  from  the  odometer  readings.  If  a  well-gaited 
saddle-horse  is  used,  very  good  results  may  be  gotten  by  timing 
him,  or  by  the  use  of  the  pedometer  if  his  stride  is  uniform. 

But  in  all  cases  much  dependence  must  be  placed  on  the  ability 
to  estimate  with  the  eye  differences  of  elevation  and  distances. 
The  ability  to  do  this  with  even  reasonable  accuracy  comes  only 
from  long  practice  and  careful  observation,  even  to  the  most 
gifted  in  this  respect.  New  and  unexpected  conditions  some- 
times deceive  even  the  most  practiced  eye,  but  under  ordinary 
conditions  almost  any  one  can  train  his  eye  to  estimate  horizontal 
distances  fairly  well.  Vertical  heights  are  more  deceptive,  pos- 
sibly because  we  have  less  practice  in  this  line,  and  the  mind  . 
seems  naturally  to  exaggerate  the  vertical  as  compared  with  the 
horizontal ;  practice,  however,  will  enable  us  to  make  allowance 
for  the  natural  tendency  to  overestimate  heights  and  slopes. 

The  ground  should  be  gone  over  in  both  directions,  for  the  ap- 
pearance may  be  quite  different  when  approached  from  different 
quarters.  Ruling  points,  such  as  a  pass  in  the  mountains,  the 
crossing  of  a  large  stream,  or  a  town  or  city  through  which  the 
road  must  be  built,  serve  to  reduce  the  problem  to  a  number  of 
special  ones,  each  having  its  own  solution. 

In  a  mountainous  region  offering  a  limited  number  of  possible 
routes,  but  heavy  construction  work,  it  may  often  happen  that 
the  location  of  a  line  is  a  much  less  difficult  operation  than  in  an 
open,  rolling  country  offering  a  score  of  possible  lines,  between 
which  the  engineer  making  the  reconnoissance  must  decide, 
selecting  only  those  that  in  his  judgment  seem  to  justify  an 
accurate  instrumental  survey. 

The  engineer  must  keep  constantly  in  mind  all  the  factors  of 
the  general  problem  of  economic  location  and  maintenance,  and 
successful  operation  of  trains.  One  line  may  cost  more  for  con- 
struction and  maintenance  than  another,  but  less  for  operation, 
or  may  invite  less  traffic.  In  all  cases,  however,  the  question 
of  grades,  curvature,  length  of  line,  earthwork,  and  mechanical 
structures  are  the  controlling  elements  to  be  considered. 

Having  decided  upon  the  route  or  routes  over  which  to  run 
preliminaries,  these  are  marked  on  the  map,  and  the  engineering 
party  organized  and  put  in  the  field,  with  all  the  necessary 
instruments.  ^         j 

The  reconnoissance  should  disclose  which  t^fthSPt^re^ follow- 
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ing  general  classes  the  preliminary  survey  will  probably  come 
under: 

(o)  Valley  lines,  as  will  be  the  case  for  a  railroad  between 
two  towns  situated  in  the  same  valley,  and  on  the  same  stream. 
The  located  line  will  follow  the  meanderings  of  the  stream  more 
or  less  closely  and  may  sotnetimes  be  located  entirely  on  one 
side  of  the  stream,  or  it  may  cross  andrecross  the  stream.  The 
hydrauUc  slope  of  the  stream  may  not  be  uniform  and  the 
located  line  may  have  to  be  carried  on  the  slopes  of  the  hills 
some  distance  back  from  the  stream  in  places.  Valley  locations 
generally  present  fewer  diflSculties  than  either  of  the  others 
named  below. 

(6)  Cross-country  lines  have  always  one  or  more  summits  which 
are  controlling  factors.  The  lowest  available,  practicable  ones 
should  be  selected  imless  these  should  involve  such  an  increase 
in  length  of  line  as  to  make  a  higher  one  preferable.  If  the 
line  follows  a  stream  up  one  side  of  a  range  of  hills  it  will  most 
probably  be  so  located  as  to  follow  another  down  the  opposite 
side,  for  low  points  in  a  divide  indicate  that  the  sources  of 
streams  on  opposite  sides  of  the  range  approach  each  other 
most  closely  at  these  points. 

(c)  Mountain  lines  usually  require  "  development " — that  is  an 
increase  in  the  length  of  line — in  order  to  keep  within  the  rul- 
ing grade.  Sometimes  this  is  accompUshed  by  following  up  a 
lateral  valley,  on  a  continuous  ascending  grade  if  we  are  work- 
ing toward  the  siunmit,  and  vice  versa  if  we  are  receding  from 
the  summit,  and  introducing  a  sharp  cin^e,  crossing  or  round- 
ing the  lateral  valley,  then  working  back  on  the  opposite  side, 
still  on  the  same  character  of  gradient  as  was  used  on  the  first 
side  of  the  lateral  valley. 

(d)  Switch-backs. — Sometimes  the  natural  groimd  slope  is  so 
steep  that  a  "  switch-ba«k  "  must  be  used.  This  method  per- 
mits the  located  line  to  be  carried  up  the  face  of  a  steep  slope. 
It  involves  slow  and  expensive  operation  of  trains,  however, 
because,  after  climbing  as  far  as  the  topography  permits,  the 
train  must  be  stopped,  a  switch  thrown  behind  it,  and  the 
train  backed  up-grade  as  far  as  this  branch  of  the  switch-back 
extends,  after  which  another  switch  is  thrown  in  front  of  the 
train  and  forward  movement  made  along  another  branch  of  the 
switch-back.     This  procedure  is  followed  for  as  many  branches 
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as  there  are  in  the  switch-back,  each  one  requiring  the  train  to 
come  to  a  full  stop. 

(e)  Loops. — Sometimes  the  located  line  must  be  made  to 
double  back  and  cross  itself  at  a  higher  or  a  lower  level,  accord- 
ing as  an  ascent  or  a  descent  is  being  made,  and  not  infrequently 
tunnels  must  be  resorted  to  in  making  such  loops. 
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CHAPTER  IL 
PRELIMINARY  SURVEYS. 

Article  2.   Objects;  The  Field  Corps  ;  Duties  op  the  Chibp. 

6.  The  Ol]|jects  of  the  preliminary  surveys  are  to  secure  all  the 
data  necessary  to  determine  which  one  of  the  routes  selected  on 
reconnoissance  is  the  most  feasible,  all  things  considered,  and  the 
approximate  cost  of  construction.  In  rough  country  it  will  be 
economical  to  make  two,  or  even  three,  surveys  over  the  route  se- 
lected for  location  before  beginning  to  place  the  line  in  the  position 
it  is  finally  to  occupy.  The  first  of  these  is  often  omitted,  and  is 
called  an  *'  exploration-line  "  ;  it  will  frequently  save  the  making 
of  the  more  expensive  "preliminary"  over  one  or  more  of  the 
routes. 

7.  The  Ezploration-line  may  be  made  with  either  transit  or 
compass,  and  consists  of  a  rapidly  ran  line,  made  for  the  purpose 
of  determining  the  maximum  curvature  and  gradients  with  which 
to  project  the  preliminary.  It  will  not  be  necessary  to  make  a 
detailed  study  of  the  region  at  this  time,  the  distances  and  eleva- 
tions, with  such  sketch  topography  as  may  be  easily  taken,  being 
all  that  is  needed.  The  magnetic  bearing  of  lines  is  taken  by 
the  compassman,  and  the  chainmen  align  each  other  with  the  flag 
set  by  the  flagman.  As  the  progress  of  the  level  party  will  be 
slower  than  that  of  the  compass  party,  it  will  be  economical  to  add 
an  extra  rodman,  and  sometimes  a  recorder.  The  compassman 
may  sketch  in  the  features  adjacent  to  the  line  while  waiting  for 
his  chainmen,  who  may  be  either  in  front  of  or  behind  the  com- 


The  stadia  method  of  surveying — to  be  spoken  of  later — would 
seem  to  offer  exceptional  advantages  for  this  work — only  three  or 
four  men  being  needed  in  addition  to  the  chief.  With  it,  by  set- 
ting the  transit  over  alternate  stations,  very  rapid  progress  may  be 
made,  and  obstacles  avoided  with  as  much  or  greater  ease  than 
with  the  compass. 

The  exploration-line  will  more  than  pay  for  itself  in  showing 
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'wliat  routes  it  will  be  unnecessary  to  make  preliminaries  oyer, 
and  in  indicating  the  most  feasible  one.  It  should  be  run  oyer  all 
the  routes  selected  on  reconnoissance. 

8.  The  Preliminary  Survey  follows  the  exploration,  or,  when 
this  is  omitted,  comes  next  after  the  reconnoissance.  It  may,  with 
advantage,  be  made  'in  two  parts — first  and  second  preliminary 
It  is  made  with  such  instrumental  accuracy  as  the  nature  of  the 
case  may  demand,  sufficient  data  being  obtained  to  determine  the 
best  line  on  which  to  locate  and  the  approximate  cost  of  construc- 
tion. The  rapidity  with  which  this  work  can  be  done  will  depend 
on  the  care  with  which  the  reconnoissance  was*  made.  The  pre- 
liminary line  should  approximate,  as  closely  as  the  eye  can  deter- 
mine, to  the  position  the  located  line  should  occupy,  and  forms  the 
base  on  which  the  topographic  work  rests.  In  reasonably  easy 
country,  where  exploration-lines  have  been  run,  one  preliminary 
should  suffice  for  each  route,  but  in  difficult  regions  it  will  be  best 
to  run  a  second  preliminary.  If  portions  of  the  route  are  easy,  fol- 
lowed by  difficult  parts,  it  will  often  be  sufficient  to  "  back  up  " 
and  re-run  the  difficult  portion  until  a  reasonably  satisfactory  line 
has  been  obtained. 

9.  The  Field  Corps  consists  of  a  chief  of  party,  transitman, 
leveler,  rodman.  two  chainmen,  rear  rodman  or  "back-flag,** 
stakeman,  and  two  or  more  axemen.  If  a  topographic  party  is 
added,  as  it  should  be  in  any  but  the  easiest  country,  there  will  be 
also  a  topographer  with  two  or  more  assistants.  A  cook  and 
teamster  will  be  needed  with  the  camp  outfit. 

The  corps  is  usually  divided  into  the  following  parties  : 

(a)  The  Transit  Party. 

(b)  The  Level  Party. 

(c)  The  Topographic  Party. 

10.  The  Chief  of  Party  receives  his  orders  from  the  chief  en- 
gineer, or  such  other  officer  as  may  be  in  charge,  directs  the  mo- 
tions of  the  surveying  corps,  and  is  responsible  for  their  conduct 
and  progress.  He  provides  accommodations  and  supplies,  pays  all 
expenses,  taking  receipts  or  vouchers  for  all  outlays — in  dupli- 
cate when  required.  In  the  less  thickly  populated  sections  he 
must  provide  tents,  wagons,  cook,  and  all  necessary  camping  outfit 
and  supplies.  He  must  direct  the  field  operations  in  person,  keep- 
ing in  advance  of  the  transit,  establish  turning-points  or  hubs, 
and  direct  the  transitman  in  the  proper  course.     He  should  keep 
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a  record — or  direct  the  transitman  and  topographer  to  do  so— of 
the  character  of  earthwork  likely  to  be  enconntered,  the  places 
where  drains,  culverts,  bridges,  cattle-guards,  etc.,  are  needed; 
the  nature  of  material  for  embankment,  piling,  etc.,  adjacent  to 
the  line  ;  the  probable  amount  of  clearing  and  grubbing,  and  all 
other  features  likely  to  affect  the  cost  of  construction.  He  should 
see  that  the  names  of  property  owners  and  residents  along  the 
line  and  the  positions  and  bearings  of  property  lines,  when 
possible,  are  noted. 

He  should  have  authority  to  discharge  assistants — except  transit- 
man,  leveler,  and  topographer — whose  services  are  unsatisfactory, 
and  in  many  cases  it  will  be  best  for  him  to  have  entire  control, 
engaging  or  discharging  any  member  of  the  corps  as  circumstances 
may  require. 

Article  3.    The  Transit  Party. 
4.  Duties  of  the  Members. 

11.  The  Transit  Party  should  consist  of  a  transitman,  head 
chainman,  rear  chainman,  rear  flagman,  stakeman,  and  as  many 
axemen  as  may  be  required — rarely  less  than  two  even  for  open 
country. 

12.  The  Transitman  cares  for  his  instrument,  keeping  it  in  aa^ 
justment;  directs  the  chainmen  into  line;  notes  the  angle  between 
successive  tangents  as  read  on  plates;  notes  also  the  bearings  of 
tangents,  of  highways,  streams,  and  property  lines  (on  location), 
with  the  plus  at  which  the  line  crosses  them.  If  there  is  no 
topographic  party  he  must  make  sketches,  on  the  right-hand  page 
of  note- book,  of  the  surface  features  adjacent  to  the  line;  the 
red  line  down  the  middle  of  page  represents  the  transit  line, 
whether  straight,  broken,  or  curved,  to  which  the  sketches  are 
adjusted.  He  must  see  that  the  axemen  keep  in  line,  in  order 
that  no  unnecessary  chopping  may  be  done.  Large  trees  need 
rarely  be  felled  on  preliminary,  even  when  a  given  general  course 
has  to  be  followed,  for  small  angles  may  be  turned  to  avoid  them, 
the  deflections  to  right  being  made  to  approximately  balance  those 
to  left. 

When  the  chief  of  party  is  absent  the  transitman  is  ranking 
man,  and  will  take  temporary  charge. 

13.  The  Head  Chainman  carries  a  range-pole  or  **flag,"  and 
drags  ih.e  chain,  which  he  mast  see  is  straight  and  horizontal 
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when  setting  a  point  for  a  stake.  He  directs  the  stakeman  where 
to  drive  his  stake,  calling  out  the  number  after  the  rear  chainman 
has  read  and  called  out  the  number  on  his  stake;  he  keeps  the 
axemen  in  line  by  setting  his  flag  and  going  ahead,  directing  them 
where  to  cut  by  keeping  them  in  line  with  the  flag  and  transit. 
The  speed  of  the  party  is  dependent  on  the  rapidity  and  accuracy 
with  which  he  can  set  his  flag  in  position,  by  ranging  with  stakei 
already  set  between  him  and  transit,  and  in  seeing  that  the 
axemen  make  all  their  work  count. 

14.  The  Rear  Chainman  must  be  careful  to  hold  his  end  of 
the  chain  in  the  proper  place,  and  that  it  is  kept  straight  and  taut 
when  the  head  chainman  is  setting  a  stake.  He  must  give  all 
pluses,  note  the  number  on  each  stake  as  he  comes  up  to  it,  and 
see  that  the  stakeman  lias  marked  it  correctly;  he  must  make  a 
note  of  pluses  for  roads,  fences^  streams,  etc.,  to  be  given  to  the 
transitman  later  on. 

16.  The  Stakeman  must  keep  himself  supplied  with  stakes 
about  li"  X  2"  X  24",  marking  the  number  on  them  plainly,  and 
driving  them  as  directed  by  the  head  chainman. 

If  sawed  stakes  are  not  provided,  he  must  cut  the  stakes  and 
face  them  for  the  numbers.  He  must  keep  on  hand  a  number  of 
plugs  or  "hubs,"  to  be  driven  flush  with  the  ground  and  having 
the  point  where  flag  rested  marked  with  a  tack.  About  ten  oi 
twelve  inches  to  the  left  of  and  facing  the  hub  a  guard  stake  is 
driven,  on  which  is  marked  the  station  number,  and  which  enables 
one  to  find  the  hub  at  any  time. 

16.  The  Axemen  do  all  necessary  clearing  and  chopping  in 
order  that  the  transit  and  level  parties  may  have  a  clear  sightway, 
and  yet  restrict  the  work  of  clearing  to  a  minimum.  One  of  them 
may  be  detailed  to  keep  the  stakeman  supplied  with  stakes. 

17.  The  Rear  Flagman  holds  his  flag  on  the  last  turning- 
point  for  the  transitman  to  use  in  back-sighting. 

18.  The  Instruments  used  by  the  party  are  the  transit  (or 
compass),  one-hundred-foot  chain  or  tape,  range-poles,  and  the 
necessary  axes  and  hatchet  for  axemen  and  stakeman. 

B.   Transit  Adjustments — The  Vernier. 

19.  For  railroad  work  the  transit  is  usually  plain,  but  it  is 
often  convenient  to  have  a  clamp  and  tangent  movement  to  tele- 
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scope,  a  vertical  circle,  a  level  on  telescope,  stadia  wires,  and  a 
gradienter;  the  solar  attacliment  will  rarely  be  needed. 

20.  To  Adjust  the  Plate  Levels.  ~ The  axis  of  the  instramen^ 
is  set  at  right  angles  to  the  plates  by  the  manufacturer,  so  that 
when  the  axis  is  made  vertical  the  plates  will  be  horizontaL 

In  making  adjustments  remember  that  a  complete  revers€U 
alwaps  doubles  any  existing  error. 

Place  the  bubble<tube  parallel  to  a  diagonal  pair  of  leveling- 
screws,  and  bring  the  bubble  to  the  centre  of  its  run.  Revolve 
the  instrument  180"  on  the  vertical  axis,  and  the  level- tube  will 
be  parallel  to  the  same  pair  of  leveling-screws  as  before,  but 
reversed.  If  the  bubble  has  moved  from  its  central  position 
bring  it  half-w&y  back  by  means  of  the  capstan-headed  screws  at 
the  ends  of  the  tube.  Relevel  and  repeat  until  the  bubble  remains 
at  the  centre  after  reversal.  Do  the  same  for  the  other  bubble. 
Both  bubbles  should  remain  at  the  centres  of  their  tubes  during  a 
complete  reversal 

21.  Parallax  is  an  apparent  movement  of  the  cross- wires  with 
respect  to  the  object  sighted  when  the  eye  is  moved  from  side  to 
side  of  the  eyepiece,  and  shows  that  the  image  does  not  fall  in  the 
plane  of  the  cross-wires.  In  precise  measurements  it  should  be 
removed  before  making  an  observation  with  the  telescope.  To  do 
this,  first  bring  the  cross- wires  clearly  into  view  when  the  object- 
glass  is  turned  towards  the  sky,  then,  when  sighting  an  object, 
note  if  there  is  any  relative  movement  of  cross- wires  and  image 
when  the  eye  is  moved  from  side  to  side  at  the  eyepiece  ;  if  there 
is,  refocus  the  object-glass  until  this  movement  disappears. 

22.  To  Adjust  the  Line  of  Oollimation  is  to  make  the  line 
joining  the  intersection  of  cross-wires  and  optical  center  of  objec- 
tive describe  a  plane  perpendicular  to  the  horizontal  axis  of  instru- 
ment. 

First  Method. — Level  the  instrument  and  clamp  the  move- 
ments  on  vertical  axis.  Sight  some  well-defined  object  distant 
about  the  length  of  an  average  sight,  and  in  the  same  horizontal 
plane  as  telescope.  Reverse  the  telescope  on  its  horizontal  axis, 
and  fix  a  point  about  as  far  from  instrument  as  first  point,  and  in 
the  same  horizontal  plane.  Revolve  the  instrument  on  its  vertical 
axis  and  sight  the  first  point;  then  reverse  the  telescope  and  note 
if  line  of  sight  cuts  the  second  point.  If  not,  loosen  the  capstan- 
headed  screws  holding  cross- wire  ring  and  move  the  vertical  wire 
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over  one  fourth  tlie  apparent  error— since  there  were  two  reversals 
— remembering  that  the  image  of  the  cross- wires  is  inverted,  while 
that  of  the  object  appears  in  its  true  position.  Test  by  repetition. 
Second  Method.— If  the  limb  graduations  can  be  relied  on 
they  may  be  used  in  adjusting  the  vertical  wire.  With  the  instm- 
ment  level  sight  a  well-defined  point,  then  revolve  180°  by  vernier- 
plate,  reading  both  verniers;  reverse  telescope,  and  note  if  line  of 
sight  cuts  the  point.  If  not,  correct  <m$  half  the  apparent  error  by 
moving  diaphrag^m ;  then  test  by  repetition. 

The  manufacturers  adjust  the  object-glass  slide  so  that  the  ob- 
jective travels  in  the  telescope  axis,  and  this  adjustment  is  not 
liable  to  serious  derangement.  It  is  well,  however,  to  sometimes 
test  by  adjusting  the  line  of  coUimation  for  both  near  and  distant 
objects.  If  not  correct  for  both,  move  the  ring  which  guides  the 
rear  end  of  object-glass  slide  until  the  adjustment  is  correct  for 
both  positions. 

Next  make  the  vertical  wire  vertical  by  noting  if  it  coincides 
throughout  its  length  with  a  plumb-line,  or  by  observing  if  it  de- 
viates from  a  point,  on  which  the  Intersection  has  been  fixed,  when 
the  telescope  is  elevated  or  depressed.  Any  error  is  corrected  by 
turning  the  ring  after  slightly  loosening  the  screws  holding  it. 

The  horizontal  wire  should  also  be  adjusted  so  that  the  inter- 
section of  the  cross- wires  will  be  in  the  axis  of  the  telescope  ;  if 
the  transit  is  to  be  used  as  a  leveling  instrument  this  adjustment 
is  essential. 

Drive  a  stake  close  to  the  instrument,  and  with  the  telescope 
clamped  as  nearly  horizontal  as  can  be  conveniently  done  read  a 
rod  held  on  top  of  the  stake  ;  about  300  feet  distant,  and  in  line 
with  first  stake  and  instrument,  drive  a  second  stake  and  read  the 
rod  on  it.  Revolve  180"*  on  vertical  axis,  reverse  the  telescope  and 
bring  the  horizontal  wire  to  the  former  reading  when  the  rod  is 
held  on  first  stake  ;  if  the  reading  on  the  second  stake  is  not  the 
same  as  before,  correct  one  half  the  apparent  error  by  moving  the 
cross- wire  ring.  Repeat  as  a  test.  The  vertical  wire  should  again 
be  tested  lest  the  movement  of  the  ring  may  have  caused  it  to 
change. 

23.  To  Adjust  the  Standards  is  to  make  the  plane  described 
by  the  line  of  collimation  vertical.  Set  up  the  transit  about  as  far 
in  front  of  some  high  building-,  or  other  tall  object,  as  the  highest 
point  that  can  be  sighted  is  above  the  base.  Level  the  instrument 
and  fix  the  intersection  of  the  cross- wires  on  the  highest  point  that 
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can  be  easily  sighted.  Depress  the  telescope  and  fix  a  iK>int  neai 
the  base  of  the  building  at  about  the  height  of  the  telescope.  Un- 
clamp  and  revolve  on  the  vertical  axis  until  the  telescope  reversed 
cuts  the  lower  point.  Clamp  the  plates  and  raise  the  telescope 
until  the  cross-wires  are  at  the  height  of  the  upper  point.  If  they 
cut  it  the  standards  are  in  adjustment.  If  they  do  not,  bring 
them  Jialf-way  back  by  means  of  the  adjustable  screws  at  the  top 
of  one  of  the  standards.    Repeat  us  a  test. 

24.  To  Adjust  the  Level  on  Telescope  is  to  make  the  bubble 
stand  at  the  center  of  its  run  when  the  line  of  sight  is  horizontal. 
Bring  the  telescope  as  nearly  horizontal  as  may  be  convenient,  and 
take  readings  on  the  tops  of  two  pegs  in  the  same  vertical  plane 
with,  and  equidistant  from,  the  instrument — say  300  feet.  The 
difference  of  readings  will  equal  the  difference  of  elevation  of  the 
pegs;  this  difference  may  be  obtained  with  the  wye-level  if  pre- 
ferred. 

Move  the  instrument  to  a  point  beyond  one  of  the  pegs  and  in 
line  with  both.  Set  up  as  close  to  nearer  peg  as  convenient,  but 
not  so  close  that  the  rod  cannot  be  easily  read.  Bring  the  tele- 
scope as  nearly  horizontal  as  possible,  and  read  on  both  pegs.  If 
the  difference  of  readings  equals  their  difference  of  elevation  the 
line  of  sight  is  horizontal,  and  the  bubble  may  be  brought  to  the 
center  by  means  of  the  adjustable  screws  attaching  the  level-tube 
to  the  telescope.  If  this  is  not  the  case,  we  must  set  the  telescope 
so  the  reading  on  second  peg  equals  the  reading  on  first  peg  plus 
the  difference  of  elevation  ;  then  read  again  on  first  peg  and  pro- 
ceed as  before  until  the  condition  is  satisfied.  Or  we  may  proceed 
as  follows : 

In  Fig.  1  let  the  transit  be  at  0,  and  A  and  B  be  the  pegs.  AG 
is  a  horizontal  through  A,  so  that  CB  is  the  difference  of  elevation 


Fio.  1. 


of  A  and  B,    Suppose  line  of  sight  to  cut  the  rods  at  E  and  2), 
we  must  find  BQ  so  that  the  target  may  be  set  at  the  proper  read- 
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Ing  to  make  the  line  of  sight  liorizontal.    Let  0F=:  a,  FG  =  h, 
EA  =  r,  DB-  t\  GB  =  k.    Draw  DH  parallel  to  CA  and  00\ 
then^ir=r  +  A;-r'. 
From  similar  triangles 

Set  the  target  at  a  reading  OB  =  GD  +  /,  sight  to  O,  and  the 
line  of  sight  will  be  horizontal.  Bring  the  bubble  to  the  center  of 
its  ran  while  the  telescope  is  in  this  position,  and  the  adjust- 
ment is  complete. 

If  desired,  a  correction  for  the  curvature  of  the  earth  and  re- 
fraction may  be  introduced,  but  for  short  sights  this  is  a  useless 
refinement. 

26.  The  Vernier  is  an  auxiliary  scale  for  measuring  smaller 
divisions  than  those  graduated  on  the  limb.  There  are  two 
classes,  the  direct-reading  and  the  retrograde,  according  as  the 
fractional  parts  of  limb  readings  are  taken  on  that  side  of  the 
zero  of  vernier  scale  towards  which  the  vernier  has  moved  with 
respect  to  the  limb,  or  the  reverse.  On  the  direct  vernier  a  cerr 
tain  number  of  divisions  on  the  vernier  equals  the  same  number 
of  divisions  on  the  limb,  less  one  ;  on  the  retrograde  there  is  one 
more  division  on  limb  than  on  vernier  when  the  same  space  is 
covered  by  both. 

26,  The  Least  Ck>iint  of  a  vernier  is  the  smallest  subdivision  of 
limb  graduation  that  can  be  read  by  it,  and  equals  the  difference 
of  one  space  on  limb  and  one  on  vernier. 
Let  I  =  value  of  one  space  on  limb  ^ 
V  =  value  of  one  space  on  vernier ; 
n  =  number  of  spaces  on  vernier. 
Then  for  the  direct  vernier 

TiD  =  (/I  —  ly  ; 

from  which  we  get  the  least  count, 

n 
For  the  retrograde  vernier 

w©  =  (7i  +  i%    ^,g,,,^^^  ^y  Google 
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from  which  the  leilst  count  is 

n 

the  same  result  as  found  for  the  direct  vernier. 

So,  to  find  the  least  count :  Divide  the  value  of  one  limb  ipace  hf[ 
the  number  of  spaces  on  the  vernier. 

For  example  :  If  the  limb  of  a  transit  is  divided  to  half -degrees 
and  the  number  of  spaces  on  the  vernier  is  30,  the  least  count 
will  be  \  divided  by  30,  or  ^  of  a  degree — that  is,  1  minute. 

27.  To  Read  a  Vernier,  take  the  number  of  the  last  division  on 
limb  back  of  the  vernier  zero,  then  look  along  the  vernier  until  a 
line  is  found  to  coincide  with  a  line  on  the  limb ;  add  the  number 
of  this  vernier  line,  multiplied  by  the  least  count,  to  the  scale 
reading,  and  the  result  will  be  the  required  reading. 

C,  Accessories. 
(!•)  The  Qradienter. 

28.  The  Gradienter  consists  of  a  tangent-screw  having  a 
micrometer-head,  attached  to  one  of  the  standards  of  the  transit 
and  capable  of  being  clamped  to  the  horizontal  axis  of  the  tele- 
scope. It  is  used— as  its  name  indicates — in  running  grades,  and 
it  accurately  measures  a  small  vertical  angle  in  terms  of  its  tan- 
gent. The  screw  is  so  cut  that  one  revolution  moves  the  tele- 
scope through  an  angle  whose  tangent  at  one  hundred  feet  from 
the  instrument  has  a  certain  value,  usually  one  foot.  The  grad- 
uated head  is  divided  into  100  parts,  so  that  one  division  corre- 
sponds to  0.01  ft.  at  100  feet  from  instrument. 

To  run  a  given  gradient,  bring  the  telescope  level  and  read  the 
micrometer-head  of  screw ;  then  turn  the  screw  as  many  divisions 
as  there  are  hundredths  of  a  foot  rise  or  fall  in  100  feet,  and  with 
a  target  set  at  the  height  of  the  horizontal  axis,  points  on  the 
surface  corresponding  to  the  given  grade  can  be  found. 

For  example  :  To  run  a  0.75  per  cent  grade,  move  the  microm- 
eter milled  head  75  graduations  from  the  horizontal. 

When  used  as  a  Telemeter,  we  may  either  measure  the  space 
on  the  rod  moved  over  by  the  line  of  sight  for  a  given  number  of 
revolutions  of  the  screw,  or  we  may  note  the  number  of  revolu- 
tions required  to  move  the  line  of  sight  over  a  certain  space  on 
rod.     The  second  method  is  the  more  accurate,  particularly  for 

long  sights.  Digitized  by  GoOglC 
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(2*')  The  Stadia,  or  Telemeter. 

29.  The  Stadia  is  an  instrument  for  determining  the  distance 
of  a  point  from  tlie  observer  by  noting  tlie  space  intercepted  on  a 
rod  by  a  given  visual  angle,  as  determined  by  two  auxiliary  wires 
parallel  to,  and  equidistant  from,  the  horizontal  wire  of  the  transit 
telescope.  When  used  with  an  ordinary  leveling-rod  the  wires 
should  be  adjustable;  if  they  are  fixed  (which  for  some  reasons 
is  preferable),  the  rod  must  be  graduated  to  correspond.  In 
addition  to  the  distance  of  a  point  from  the  instrument,  the  differ- 
ence of  elevation  is  determined  by  observing  the  angle  made  by 
line  of  sight  with  the  horizontal  when  the  middle  horizontal  wire 
cuts  a  point  on  the  rod  as  high  above  the  ground  as  is  the  centre 
of  the  telescope. 

The  horizontal  position  of  the  point  is  determined  from  its 
magnetic  bearing,  or  the  azimuth  of  line  of  sight  with  reference 
to  some  fixed  ]ine,  usually  the  north-south  line. 

30.  Line  of  Sight  Horizontal.— In  Fig.  2  let  a  and  b  be  the 
stadia  wires,  AB  the  intercept  on  the  rod.    The  secondary  axes 

A 


Pio.  2. 

aA  and  bB  pass  through  the  optical  center  0,  Let  h  =  ab, 
r  =  AB,  d  =  distance  of  cross- wires  from  objective,  D  -=  distance 
of  rod  from  objective. 


From  similar  triangles. 


d 


r 
S' 


From  optics. 


d^D      f 


in  which/ is  the  focal  length  of  objective. 
Eliminating  d  from  these  two  equations, 

lit         Digitized 


by  Google 
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Let  c  be  the  mean  distance  of  objective  from  center  of  instra- 
ment.  Adding  this  to  D  gives,  for  the  distance  of  the  rod  from 
the  center  of  the  instrument, 


f 

J-  may  be  made  constant,  when  (2)  becomes 


(3) 


l  =  a  +  kr. 


(2') 

31.  Line  of  Sight  Inclined.— When  the  line  of  sight  is  not 
level  it  is  difficult  to  hold  the  rod  perpendicular  thereto ;  hence 
the  rod  is  held  vertical,  the  angle  of  inclination  measured,  and  a 
correction  applied.    In  Fig,  8 

a. 


Fig.  3. 

let  r  =  CD  be  the  reading  on  rod  held  vertical ; 

r'  =  FE,  the  reading  perpendicular  to  line  of  sight ; 
ff=AOt  the  horizontal  distance  from  Ato  B  \ 
V  =  BGt  the  difference  of  elevation  between  A  and  B ; 
n  =  BAG,  the  angle  of  inclination  of  line  of  sight. 

Assume  angles  AFB  and  AEB  =  90",  from  which  they  rarely 
differ  more  than  15'  to  17'.    Then,  since  FBC  =  n, 


t'  =:rcoBn, 


V  Google 
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By(n  AB  =  a  +  kr^. 

Hence  AB  ssa  +  krcosn. 

From  triangle  ABG 

H=sABcoan 
.•.  jH"  =  a  cos  n  +  At  cos*  n.  ••••••    (8) 

V=  AB  sinn; 
.*.  V  =  a ainn -\- kr Bin tkcoB n. 
But  2  sin  n  cos  n  =  sin  2n, 
Hence  F=  a  sin  n  +  i*r  sin  2n (4) 

32.  The  Instmrnental  Constant  a  [=  c  +/  of  (2)]  may  be 
found  by  measuring  the  distance  from  center  of  instrument  to 
mean  position  of  objective,  which  equals  c ;  then  focusing  on  a 
▼ery  distant  object,  preferably  a  star,  and  measuring  from  center 
of  objective  to  plane  of  cross- wires,  which  equals/.  The  sum  of 
these  distances  is  a  in  formulas  (8)  and  (4). 

If  the  stadia  wires  are  fixed,  k  may  be  found  by  measuring  for- 
ward on  level  ground  the  distance  a  from  plumb-line,  and  from 
this  point  a  further  distance  b ;  then  note  carefully  the  stadia 
reading  r  when  the  telescope  is  level.    Then,  remembering  {2)', 

a  -J-  &  =  a  +  A;r. 

,".  A;  =  — ,  a  constant  ratio, 
r 

If  the  stadia  wires  are  adjustable,  we  may  so  adjust  k  that  any 
desired  reading  may  be  had  for  a  given  length  of  base.  A  con- 
venient value  of  k  is  100,  which  corresponds  to  an  intercept  of 
1  foot  on  the  rod  at  100  feet  from  a  point  a  feet  in  front  of  the 
instrument,  2  feet  at  200  feet  in  front,  etc. 

33.  A  Stadia  Table  based  on  formulas  (3)  and  (4)  is  published 
by  the  D.  Van  Nostrand  Company  in  Winslow's  Stadia  Surveying, 
and  can  be  used  more  rapidly  than  the  formulas.  Johnson's  Re- 
duction Diagram,  by  John  Wiley  &  Sons,  gives  values  of  ff  and  V 
graphically.  Stadia  slide-rules  of  various  types  are  now  on  the 
market  which  admit  of  rapid  determination  of  Fand  of  a  correc- 
tion to  be  applied  to  the  apparent  distance  AB  to  determine  H. 
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D.  Field-work, 

34.  Station  Nnmben  should  begin  with  zero  for  the  initial 
stake,  and  are  marked  on  rear  side  of  stake,  from  the  top  down- 
ward, the  number  of  the  preliminary,  A,  B,  C,  8tc.,  being  marked 
on  the  forW^ard  side.  The  marking  should  be  with  kiel,  or  crayon 
that  will  withstand  the  action  of  sun  and  rain.  Stakes  may  be 
set  every  hundred  feet  or  only  at  even  stations,  as  preferred. 

36.  Hubs,  or  Plugs,  are  transit  turning-points,  and  are  short, 
flat-topped  stakes  driven  into  the  ground  flush  with  the  surface. 
The  flag  is  held  on  the  top  and  carefully  aligned,  the  position  of 
the  point  being  marked  by  a  tack.  A  special  tack  with  concavf 
head  offers  a  foothold  for  point  of  flag  when  used  in  backsight' 
ing.*  About  10  inches  to  the  left  of  and  with  numbered  sid' 
facing  the  hub  is  driven  a  guard-stake  to  mark  its  position. 

36.  Reference-points  are  two  or  more  hubs,  with  guard -stakes 
in  each  of  two  lines  making  a  good  intersection  angle  at  th« 
point  whose  position  they  serve  to  locate.  They  should  be  driver, 
beyond  reach  of  disturbance,  and  are  used  in  replacing  a  diff 
located  hub. 

These  need  rarely  be  used  on  preliminary. 

37.  Alignment. — It  is  not  intended  that  the  preliminary  ancV 
location  lines  occupy  exactly  the  same  position  ;  hence  consider- 
able latitude  is  allowable  in  the  size  and  number  of  angles 
turned,  care  being  taken,  however,  that  the  maximum  curvature 
need  not  be  exceeded  on  location.  Large  trees  and  other  obstruc- 
tions may  be  avoided  by  turning  a  small  angle  until  the  obstacle 
has  been  passed,  then  making  a  deflection  in  the  opposite  sense. 
Bearings  of  tangents  are  taken  with  the  needle,  to  serve  as  a 
check  on  the  angle  read  on  the  plates. 

In  easy  country  not  requiring  a  topographic  party  large  angles 
should  not  be  turned,  a  succession  of  small  ones  with  short  inter- 
vening tangents  being  substituted  in  order  to  make  the  prelimi- 
nary profile  approximate  mor^  closely  to  the  location  profile. 
These  short  tangents  may  conveniently  be  the  long  chords  of  the 
curve  that  is  to  follow. 

*  Such  a  tack  is  manufactured  by  the  A.  S.  Aloe  Co.,  St.  Louis. 
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38.  The  Traniit  Notes  may  be  kept  in  the  form  below,  which 
shows  both  i>ages  of  the  note-book.  The  notes  run  from  the 
bottom  up,  the  right-hand  page  being  reserved  for  sketches  ;  the 
red  line  up  the  middle  of  the  page  represents  the  transit  line, 
whether  straight  or  broken,  to  which  the  sketches  most  be 
adjusted. 
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39.  Stadia  Methods  for  Preliminary  Stmreys. — Preliminarj 
lines  are  usually  run  with  the  transit,  but  the  compass  will 
answer  nearly  as  well  in  most  cases,  besides  admitting  of  more 
rapid  work.  The  transit  and  stadia  method  might  well  be  em- 
ployed, and  would  effect  considerable  saving  in  the  cost  of  pre- 
liminary surveys.  For  some  reason  railroad  engineers  have  not 
regarded  it  with  favor,  though  it  is  extensively  employed  in 
topographic  surveying  where  the  map  is  to  be  used  for  work  that 
is  often  more  precise  than  needed  for  railroad  preliminaries. 

Particularly  is  this  method  applicable  to  exploration  lines. 
With  the  transit  and  stadia  the  entire  surveying  corps  need  not 
exceed  five  or  ^x  men,  the  instrument  man  acting  as  transitman, 
level er,  and  topographer  all  in  one.  The  only  objection  would 
seem  to  be  in  the  amount  of  reduction  the  notes  would  need; 
however,  with  tables  and  slide- rule  (see  33)  this  work  may  be 
very  rapidly  done.  For  vertical  angles  of  less  than  one  degree 
the  horizontal  reduction  can  be  neglected,  and  with  side  readingfs 
for  topography  the  angle  may  be  5  or  10  degrees  without  necessi- 
tating the  correction.  Vertical  heights  are  found  by  the  slide- 
rule  or  by  charts. 

This  method  would  really  necessitate  the  making  of  a  topo- 
graphic map  along  a  narrow  strip  of  country,  from  which  the 
profile  could  readily  be  taken.  With  a  skilled  observer  and  two 
to  four  rodmen  the  progress  may  be  more  rapid,  and  fully  as 
rood  for  the  purpose  intended  as  the  more  expensive  method 
i^niaUy  employed.  <j 
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The  transit  need  onlj  be  set  at  alternate  stations  (which  jdbj  be 
any  length  within  the  reading  limits  of  the  wires),  the  bearings  to 
other  stations  and  points  off  the  line  being  taken  with  the  needle. 
The  horizontal  angle  should  also  be  read  on  the  plates  for  points 
on  stadia  line,  as  a  check  on  the  bearings. 

£.  Obstacles  in  Tangent 

40.  Obstructions  to  vision  and  measurement  in  tangent  maj  be 
avoided  in  a  number  of  ways,  a  few  of  which  are  given  in  the 
following  problems.  Other  methods  of  avoiding  them  will  sug- 
gest themselves  in  special  cases. 

The  same  devices  may  be  used  on  location,  but  it  is  more  im- 
portant  to  maintain  a  clear  sightway  then  ;  so,  when  possible,  we 

should  remove  the  obstruction. 

/ 

41.  To  Pass  an  Obstacle  by  Means  of  Parallel  Lines. — ^In 

Fig.  4»  0  is  the  obstruction,  AB  the  obstructed  line.    At  B  set 


E                                  F 

Q                                H 

i 

\                                  1 

3     ~S 

3 

3 

Fio.  4. 

transit ;  turn  90*^  and  measure  BF  long  enough  to  clear  obstruc- 
tion. Set  transit  at  F,  make  BFO  =  90",  and  measure  FG» 
Move  to  O  and  backsight  to  F^  making  FOG  =  90°.  Measure 
GC=  FB,  and  move  to  G,  where  the  angle  OGB'^ia  made  equal 
to  90°.     GD  is  the  desired  line,  and  BG  =  FG. 

Otherwise,  tX  A  and  B  erect  perpendiculars;  take  BF^AE; 
produce  EF,  and  at  O  and  H,  beyond  0,  erect  perpendiculars  mak- 
ing OG  =  ED  =  FB.   GD  will  be  the  desired  line,  and  BG  =  FO. 

42.  To  Pass  an  Obstacle  by  Angular  Deflections. 
^General  Case.    Angle  anything  less  than  90°. 

At  B  (Fig.  5)  pn  the  obstructed  line  deflect  an  angle  a  to  one 
side  and  measure  BG,  taking  0  so  that  after  deflecting  2a  to  the 
other  side  CD  will  clear  the  obstruction.  Make  GD  =  BG  and 
deflect  an  angle  a  to  the  same  side  as  at  ^;  DE  will  lie  ia  AR 
pi»duced.     liraw  Gff  perpendicular  to  52);  then 

**  BD  =  BH+Ea)  =  2BG   cosa.^po^I^    .    (5) 
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Fio.  5. 
ExAMPLB.— Suppose  a  =  14'  10',  BC  =  OD^  620  ft. 
J5i>  =  2  X  520  X  0.96959  =  1008.87  feet. 
Special  Case.    Angle  00  degrees. 

In  this  case  the  triangle  BJDFiFig.  6)  is  equilateral  and  BF= 
BD  =  DF. 

Should  it  be  inconvenient  to  run  to  i>  we  may  stop  at  C,  having 
measured  BO,    At  C  deflect  60"  and  measure  0E\  hi  E  again  de- 


Fio.  «. 
fleet  60°  and  make  EF=  BG.    At  i?*  a  final  deflection  of  60°  in  the 
opposite  sense  will  put  the  telescope  in  the  desired  line,  FO^  and 
BF=BC+CE. (6a) 

43.  To  Pass  an  Obstruction,  such  as  a  River,  when  tlte  Pre- 
ceding Methods  are  Inapplicable. 
FiKST  Case.    Point  beyond  obstruction  visiNe. 
In  Fig.  7  let  BC  be  required. 


Fio.  7. 
At  B  erect  and  measure  the  perpendicular  BD ;  set  instrument 
at  J)  and  measure  angle  BDGr=  a  ;  then 

BO-BDXbsi  a.  i  zed  i,y  Qopgje  .    .    (6) 
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Or,  if  a  trigonometric  table  is  not  at  band,  make  CDE=  90°  and 
fix  the  point  E  wbere  DE  intersects  AB ;  measuring  EB  there 
results,  from  similar  triangles, 

CB^BD 
BD  ""  EB' 

BD* 


whence 


CB  = 


EB 


(6a) 


Otherwise,  if  a  right  angle  at  B  is  not  convenient,  measure 
angles  GBD  =  6,  BDG  =  a,  and  side  BD,   Then  c  =  180°-  (a+6). 
From  triangle  BDG, 

BG^Bd"^,       o (66) 

sm  c  ^    ' 

Example.— a  =  66%  h  =  70°,  BD  =  400  feet. 
B7(66). 


BG  =  m  ?!^!  =  409.8  feet. 


sin  54° 

Second  Case.    Point  beyond  obstruction  invisible. 
At  B  (Fig.  8)  measure  angle  b  and  line  BE\  move  to  E  and 
measure  angle  y,  and  set  hubs  on  line  EG  so  the  line  BG  will  pass 


Fio.  8. 
between  them.     Angle  z  =  EGB  =  180  -  (&  +  y).    Then  from  tri- 
angle BEG 

BG=Be'^. (7) 

sin  «  ^  ' 

Produce  EB  to  D,  where  DG  will  be  sure  to  clear  obstruction; 
measure  BD. 
From  triangle  BDG, 

tan  i(a  -  x)  _.  BG  -  BD 

tan^(flt  +  a;)       BG  +  BD* 
Bat  a  4-  ^  =  6i  hence 

tani(a-ar)  =  i^-r-#^.tani6.        ...    (8) 

zedbvCoogle 


BG  +  BD' 
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The  sum  &nd  difference  of  a  and  x  are  now  known,  so  both  maj 
be  readily  found. 

At  D  set  off  the  angle  a  with  the  transit,  and  have  the  chainmen 
stretch  a  cord  between  the  hubs  set  on  line  EG  at  C.  Now  signal 
the  flagman  to  move  bis  rod  along  this  cord  until  the  vertical  wire 
cats  it  at  (7.  Set  a  hub  here  and  place  the  transit  over  it.  Sight 
to  D  or  i7,  reverse  telescope  and  deflect  into  CH, 

If  5  =  90*  the  problem  is  greatly  simplified. 

Abtiolk  4 — The  Level  Party. 

44.  The  Level  Party  consists  generally  of  two  members,  the 
leveler  and  a  rodman ;  sometimes  an  axeman  is  added  to  keep  the 
1  odman  supplied  with  pegs  for  turning-points  and  in  clearing  the 
line  of  sight  for  the  level. .  As  the  party  follows  the  transit  little 
or  no  clearing  will  be  needed.  The  instruments  used  are  a  level, 
A  rod,  and  a  hand-axe  or  hatchet. 

45.  The  Leveler  makes  all  necessary  observations  with  his 
instrument,  keeping  a  neat,  accurate  record  of  readings  and  ele^ 
vations ;  also  the  positions  and  elevations  of  benches  and  turning- 
points.  He  should  work  out  elevations  of  stations  while  the  rod* 
man  is  going  from  one  station  to  the  next ;  he  must  see  that  the 
rodman  gives  him  readings  at  points  where  the  longitudinal  slope 
changes  suddenly,  recording  the  plus.  He  must  plot  his  profile 
at  night,  or  at  such  times  as  the  chief  of  party  is  likely  to  need  it. 
The  rodman 's  readings  at  turning-points  should  be  checked. 

46.  The  Rodman  holds  his  rod  at  eneb  station,  calling  out  the 
number.  If  stakes  are  set  only  at  eveu  stations,  be  must  hold  his 
rod  midway  between  stakes,  tbe  point  being  found  by  pacing  the 
distance.  Target-readings  need  Only  be  taken  at  turning-points 
and  benches,  and  tbe  rodman  should  keep  a  record  of  these  in 
his  "peg-book,"  cbeckingtbe  calculations  of  leveler  for  heights 
of  instrument  and  elevations  of  turning-points  At  any  marked 
surface  change  be  will  hold  bis  rod,  calling  out  tbe  plus  to  leveler. 
He  must  assist  the  leveler  in  plotting  up  the  notes. 

4.  Adjustments  of  the  Level, 

47.  To  A4|iuit  the  Line  of  Oollimation  is  to  bring  the  inter- 
section of  the  cross-wires  into  the  optical  axis  of  the  telescope. 

Setup  and  level  the  instrument,  then  bring  tbe  vertical' wire 
into  cohicidettce  with  a  plumb  line  or  vertical  edge  of  a  building. 
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at  the  mean  length  of  sight,  and  note  if  the  vertical  wire  is  truly 
parallel  thereto.  If  it  is  not,  loosen  the  capstan -headed  screws 
holding  cross-wire  ring  and  turn  slightly  so  that  the  wire  is 
parallel  to  the  vertical  line. 

Loosen  the  wye-clips  and  bring  the  vertical  wire  into  coin- 
cidence with  the  line  and  clamp  the  instrument.  Rotate  the 
telescope  in  the  wyes  180**  and  note  if  the  wire  coincides  with  the 
line.  If  not,  correct  <me  half  the  error  by  loosening  one  and 
tightening  the  opposite,  of  the  capstan-headed  screws  that  hold 
the  cross- wire  ring  in  place,  remembering  that  the  image  of 
the  cross  wires  is  inverted  by  the  eyepiece. 

Turn  the  telescope  until  the  horizontal  wire  is  parallel  to  the 
plumb-line  or  edge  of  building,  and  make  the  same  test  and 
correction.  Repeat  for  both  wires.  The  horizontal  wire  is  the 
one  on  which  the  accuracy  of  leveling  depends,  but  it  is  wise  to 
have  both  adjusted.  Their  intersection  should  remain  on  a  point 
during  a  complete  rotation  of  the  telescope  in  the  wyes. 

0  48.  To  A4jQ8t  the  Level-bubble  is  to  bring  the  axis  of  the 
level  tube  into  the  same  vertical  plane  with  the  line  of  collimation, 
and  to  make  the  bubble  stand  at  the  center  when  the  line  of  sight 
is  horizontal. 

Since  the  axis  of  the  telescope  coincides  with  the  line  joining 
the  center  of  the  wye-rings  (which  requires  these  to  be  of  the 
same  size),  it  is  sufficient  to  make  the  axis  of  the  bubble  parallel 
to  this  line. 

(a)  With  the  telescope  over  one  diagonal  pair  of  leveling- 
screws  and  the  clips  loosened,  bring  the  bubbTe  to  the  center  of 
its  run  ;  then  turn  the  telescope,  in  the  wyes,  a  little  to  either  side 
of  the  vertical  plane  through  the  telescope  and  note  if  the  bubble 
remains  at  the  center.  If  not,  correct  the  error  by  means  of  the 
screw  at  end  of  the  leVel-tube  case  jirranged  for  lateral  movement. 
Repeat  until  the  tube  may  be  rotated  half  an  inch  or  more  to 
either  side  of  vertical  without  movement  of  the  bubble.  This 
adjustment  is  made  merely  to  prevent  error  from  failure  to  set 
level-tube  vertically  beneath  telescope. 

{b)  With  the  wye-clips  opened  well  out,  again  bring  the  bubble 
to  the  center  of  its  run ;  remove  the  telescope  from  wyes  and 
turn  it  end  for  end,  then  carefully  replace  it  in  Uiewyes.  Should 
the  bubble  fail  to  remain  at  the  center,  bring  it  hcUf-toay  back  by 
raising  the  lower  or  depressing  the  higher  end  of  tube  at  the 

oints  of  attachment  to  telescope.    Relevel  and  repeat  as  a  test. 
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49.  To  A^Jturt  the  Wyes  is  to  make  the  axis  of  the  telescope 
perpendicular  to  the  vertical  axis.  With  the  wye-clips  closed 
place  thQ  telescope  over  oue  pair  of  leveling-screws  and  bring  the 
bubble  to  the  ceuter  of  its  run  ;  then  turn  the  telescope  half-way 
round  on  its  vertical  axis,  so  that  its  ends  have  changed  places. 
If  there  is  any  error,  correct  by  bringing  the  bubble  half-way  back 
to  center  by  means  of  the  screws  connecting  wyes  with  level-bar. 
Repeat  until  the  bubble  remains  in  the  center  during  a  complete 
revolution. 

B.   Theory  of  Leveling. 

60.  When  the  level  has  been  adjusted  the  line  of  collimation 
will  describe  a  plane  parallel  to  the  horizontal  plane  tangent  to 
he  earth's  surface  at  the  point  where  the  instrument  is  placed. 

A  level  surface,  such  as  the  surface  of  still  water,  will  coincide 
with  this  plane  only  at  the  point  of  tangency,  and  will  depart 
fai*ther  and  farther  therefrom  as  the  point  considered  recedes 
from  the  instrument.  For  short  sights  this  difference  may  be 
neglected  in  railroad  work,  as  will  presently  be  shown,  but  for 
long  sights  a  correction  must  be  applied. 

The  effect  of  curvature  is  to  make  objects  appear  lower  than ' 
they  really  are,  while  the  refraction  of  a  beam  of  light,  due  to 
the  greater  density  of  the  layers  of  air  nearest  the  earth's  surface, 
has  a  contrary  effect.     Experience  shows  the  average  error  due 
to  refraction  to  be  about  one  seventh  of  that  due  to  curvature. 

61.  The  Error  due  to  Curvature  at  any  point  is  the  deviation 
of  a  tangent  line  from  true  level,  as 
the  point  recedes  from  the  point  of 
tangency. 

Let  0  be  the  center  of  the  earth,  T 
the  point  of  tangency,  and  iVthe  point 
where  the  error  due  to  curvature  is 
desired.  Let  the  notation  be  as  shown 
in  Fig.  9.  From  the  right  triangle 
OTP,  we  have 

(i2  4  c)«  =  -B»  -f  tK 
From  which 


Fig.  0, 


e  = 


Now,  since  e  is  always  very  small  compared  with  2^,  the 
quotient  resulting  from  the  division  of  <*  by  2i?will  not  differ 
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seDsibly  from  that  obtained  by  dividing  by  2B  +  c.    Therefore 
we  write 

"=45 W 

For  t  =  1  mile,  R  =  3963  miles,   c  =  about  8  inches.     Hence 
for  any  other  distance  in  miles  we  have,  for  c, 

c  =  8  X  <*  inches (9a) 

The  correction  for  refraction  is  about  -^c,  hence  we  have, 
from  (9), 

7        7        t  B 
or,  closely  enough, 

0  =  .8oc (10) 

Example —What  is  the  correction  for  a  half-mile  sight? 
For  one  eighth  of  a  mile? 

By  (9a),        <J  =  8  X  (1)'  =  2"  for  first  case. 

and  '  c  =  8  X  (i)'  =  0".125  for  second  case. 

By  (10)  the  final  correction  is 

e  =  0.85  X  2  =  1".7  for  first  case, 

<J  =  0.85  X  0.125  =  0.106"  for  second  case. 

52.  The  Di£ference  of  Elevation  between  two  points  not  so 
far  apart  but  that  a  rod  may  be  read  on  each  frcna  some  inter- 
mediate point  may  be  readily  found  from  these  rod-readings. 

Ill  Fig.  10  let  the  instrument  be  ut  i.  A  and  B  the  points 
whose  difference  of  elevation  is  desired.  Let  r  =  AD,  r'  =  BC, 
Since    the   line   of   sight,  DC,   is  horizontal,  the  difference  of 

D  _         -Q 


Fig.  10. 

elevation  will  evidently  be  /  —  r.  When  the  distance  from 
J  to  ^  equals  that  from  /  to  J5  the  errors  due  to  curvature 
evidently  balance.  D,g„,ed  by  Google 
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When  the  points  are  so  situated  that  the  rod  caoDot  be  read 
on  both  from  one  intermediate  position  of  the  instrument,  an 


Fio.  11. 

auxiliary  point  or  points  must  be  used  and  readings  taken  on 
these  points  in  pairs.  Thus  in  Fig.  11  suppose  the  difference 
of  elevation  of  A  and  B  required  : 

With  the  instrument  'at  /  read  on  A  and  some  intermediate 
point  E.  Consideiing  the  backsights  as  plus  and  foresights  as 
minus,  the  difference  of  elevation  of  A  and  E  is  AD  —  FE, 

Again,  with  the  instrument  at  /'  the  difference  of  elevation  ofS 
and  B  is  OE—  GB,  The  sum  of  these  differences  equals  the  dif- 
ference of  elevation  of  A  and  B,  and  may  be  written  {AD  +  OE) 
—  {EF-\-  OB),  or,  in  general,  the  sum  of  the  backsights  less  the  sum 
of  the  foresights  equals  tlie  difference  of  elevation, 

C,  Field-work. 

63.  A  Datum  is  a  level  surface  so  taken  that  it  shall  lie  below 
the  lowest  point  likely  to  be  reached  by  the  profile,  to  which  the 
surface  elevations  are  referred.  It  is  often  spoken  of  as  the 
datum-line  or  datum-plane,  and  is  the  zero  of  elevations. 


54.  A  Bench-mark  is  a  permanent  mark,  such  as  a  copper  or 
other  bolt  let  into  the  top  of  a  solidly  fixed  stone,  whose  height 
above  the  datum  is  known;  it  may  be  simply  a  mark  on  a  stone, 
Of  a  tack  driven  into  the  projecting  root  of  a  tree,  upon  which 
the  rod  may  be  read.  In  any  case  it  must  be  so  situated  that  it 
cannot  change  its  elevation  nor  is  likely  to  be  disturbed  within 
the  time  for  which  it  is  intended  to  be  used  as  a  standard  of 
reference. 

The  elevation  should  be  marked  on  some  object  adjacent  to 
the  bench,  with  the  letters  B.  M.  indicating  th^  nature  of  the 
jK)int.  t^^^  '^y  Google 
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66.  The  Field-work  consists  in  finding  the  elevation  of  a 
number  of  points  on  the  line  established  by  transit  party  suffi- 
cient to  give,  when  plotted,  a  fairly  correct  outline  of  the  surface 
as  seen  in  profile. 

A  bench-mark  is  taken  at  the  beginning  of  the  line,  and  its  dis- 
tance above  mean  sea-level  or  other  datum  is  known  or  assumed. 
The  level  is  set  with  one  pair  of  leveling  screws  in  the  line  to  be 
run  (in  order  that  any  change  in  the  position  of  the  bubble  may 
be  easily  corrected),  and  the  rod  is  read  on  the  bench.  This  read- 
ing plus  the  elevation  of  bench  gives  the  height  of  instrument 
(H.  I.)  above  the  datum. 

Readings  are  taken  at  every  hundred  feet  along  the  line,  or 
oftener  if  the  surface  changes  greatly,  until  a  point  is  reached 
beyond  which  it  is  desired  to  move  the  level.  A  peg  is  driven 
firmly  into  the  ground  and  the  rod  read  on  this ;  the  height  of 
instrument  less  the  rod  reading  will  give  its  elevation,  as  it  will 
for  the  intermediate  points.  This  point  is  a  temporary  bench 
and  is  called  a  turning-point.  It  should  be  marked  by  a  guard- 
stake  if  it  is  desired  to  use  it  again.  The  instrument  is  now  car- 
ried beyond  the  turning-point,  set  up,  and  the  whole  process 
repeated.  Benches  and  turning  points  should  be  read  to  hun- 
dredths or  thousandths  of  a  foot,  intermediate  points  to  tenths. 
Turning-points  are  marked  0  or  T.  P.  in  the  notes,  and  their 
positions,  as  also  the  bench-marks,  noted  by  both  leveler  and 
rodman  in  their  note-books. 

66.  The  Level  Notes  may  be  kept  in  any  convenient  form 
that  is  easily  understood.  The  following  is  used  more  exten* 
sively,  perhaps,  than  any  other: 


Sta. 

B.S. 

H.I. 

F.S. 

Elev. 

B.M. 

5.613 

205.613 

aoo.o 

0 
1 
2 
3 
4 

2.8 
0.8 
6.7 

7.8 
99 

208.3 
204.8 
1999 
197.8 
195.7 

G 

1.120 

196.810 

10.4-^3 

195.190 

6 
6 

6.8 
4.5 

190.0 
191.8 

Remarks. 


i  B.  M.  on  root  of  L.  O.  tree  <KH  to 
I     right  of  line. 


j  On  pej?  at  4  -f  SO'  -  20^  to  left  of  line, 
j     by  small  P.  O.  tree. 


Here  the  elevation  of  the  datum  was  taken  200.  00  feet  below 
the  first  bench-mark.    The  instrument  was  set  up  near  Station  2^ 
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md  a  reading  of  5.613  taken  on  the  bench;  this  was  written  in 
the  B,  8,  column,  and  when  added  to  the  elevation  of  the  bench 
gives  the  height  of  instrument,  205.613.  A  reading  of  2.3  was 
taken  on  Sta.  0,  recorded  in  the  F.8.  column,  and  when  sub- 
tracted from  the  H.L  yields  an  elevatiou  of  203.3.  The  eleva- 
tions of  other  points  were  determined  in  the  same  way.  A  little 
beyond  Station  4  the  rod  man  drove  a  peg  and  held  the  rod  on  it, 
yielding  a  reading  of  10.423  and  an  elevation  of  195.190.  The 
instrument  was  then  moved  to  a  point  near  Station  7  and  a  read- 
ing of  1.120  taken  on  the  peg;  this  added  to  195.190  nuulethe 
new  H,  L  196.310,  and  the  process  continued  with  this  H.  L 

In  most  cases  it  will  be  sufficient  to  read  benches  and  turning* 
points  to  hundredths  and  intermediate  points  to  tenths. 

It  will  be  seen  from  the  notes  that  any  error  in  a  turning-point 
causes  the  same  error  in  all  succeeding  points.  To  guard  against 
this  the  rodman  is  required  to  keep  a  '*  peg-book,'*  in  which  the 
heights  of  instrument  and  elevations  of  turning-points  are  re- 
'Torded,  and  which  must  check  with  the  leveler's  record. 

67.  Wind  and  sunshine  affect  the  accuracy  of  the  work  with 
the  level,  as  is  also  the  case  with  the  transit.  For  very  great 
accuracy  a  calm,  cloudy  day  is  the  best,  but  the  railroad  engineer 
cannot  always  choose  the  best  times  for  his  work,  and  must  take 
•'TOch  precautions  as  may  be  possible  while  he  exercises  the  great- 
est care  to  prevent  and  detect  errors.  The  adjustments  should 
be  tested  at  least  once  a  week,  even  when  the  greatest  care  has 
been  taken,  for  unequal  expansion  and  other  causes  may  con- 
spire to  cause  them  to  change. 

By  making  foresights  and  backsights  to  turning-points  about 
equal  the  error  due  to  curvature  will  be  eliminated;  the  readings 
of  rodman  at  these  points  should  also  be  checked.  The  rodman 
should  hold  his  rod  vertical,  which  is  sometimes  accomplished 
by  means  of  a  level  attached  to  rod;  or  the  leveler  can  tell  by  his 
vertical  wire  when  the  rod  is  in  the  same  vertical  plane  with  the 
instrument,  and  by  causing  the  rodman  to  wave  his  rod  back  and 
forth  slowly,  after  clamping  the  target,  he  can  tell  if  the  hori- 
zontal wire  just  bisects  the  target  at  its  highest  position. 

58.  The  Rod  should  be  graduated  to  feet  and  tenths,  reading 
by  target  at  turning-points  and  benches;  intermediate  readings 
are  made  by  the  leveler  at  his  instrument.  Strength  and  dura- 
bility are  essential  qualities.    The  Philadelphia  rod  seemt  to 
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answer  the  purpose  as  well  as  any  other  now  manufactured;  the 
Troy  rod  may  be  used  iu  the  same  manner  as  the  Philadelphia 
rod,  but  is  lighter  and  less  able  to  stand  rough  usage. 

Article  5.  The  Topographic  Party. 

69.  The  Topographic  Party  follows  the  level  and  secures  aD 
the  data  necessary  for  making  an  accurate  contour-map  of  a  strip 
of  country  extending  as  far  each  side  of  the  preliminary  as  may 
be  needed  for  the  intelligent  projection  of  the  looation-line. 
This  distance  may  yary  from  50  to  800  or  400  feet,  its  width  de- 
pending on  the  difficulties  to  be  encountered  and  the  degree  of 
precision  with  which  the  preliminary  approximates  to  the  final 
location-line.  The  lateral  slope  of  surface  is  obtained  at  the 
stations  of  preliminary  by  means  of  the  hand-level  and  tape,  by 
the  slope-level  or  clinometer,  by  cross  section  rods,  or  by  the 
transit  and  stadia.  Strictly  speaking  the  topography  includes  all 
the  surface  features,  but  for  railroad  work  tbe  surface  elevations, 
streams,  and  nature  of  surface  are  tbe  most  important;  it  may 
be  necessary  to  note  the  positions  of  roads,  buildings,  etc.,  and 
should  always  be  done  when  practicable  without  undue  loss  of 
time.  A  pocket- compass  will  be  of  use  in  observing  the  bear- 
ings of  lines. 

60.  There  are  two  methods  of  recording  the  data  obtained; 
one  by  means  of  notes  and  sketches  in  a  book,  the  other  by 
drawing  the  contours  directly  on  tbe  field-sheet  as  the  data  are 
obtained.  Station  elevations  can  be  taken  direct  from  the  leveler's 
notes,  and  constitute  the  base  on  which  the  contour  elevations 
rest. 

Suppose  the  hand-level  to  be  used  and  the  notes  kept  in  a  book, 
to  be  afterwards  transferred  to  the  map.  Starting  with  the 
known  center  elevation,  the  topographer  notes  the  height  of  his 
eye  above  the  ground  and  calculates  the  height  of  center  above 
or  below  the  next  contour;  from  this  the  reading  of  the  rod  when 
held  on  this  contour  is  found,  being  the  height  of  station  above 
contour  plus  the  height  of  eye.  He  directs  the  sloperaan  in  or 
out  on  a  line  at  right  angles  to  preliminary  until  this  reading  is 
given  by  the  hand-level;  the  distance  out  is  then  measured  and 
recorded,  just  as  in  setting  slope-stakes,  and  the  slopemnn  di- 
rected into  position  on  the  next  contour,  in  the  same  manner. 

Thus  if  5-foot  contour-intervals  are  employed,  and  the  station 


PRELIMINARY  SURVEYS. 


33 


eleyation  is  321.6  feet  aod  the  height  of  eye  6.3  feet,  we  shall  have 
for  the  reading  at  the  820-foot  contour  6.3  +  (321.6  -  320)=  6.9. 
Motion  the  slopeman  down  the  slope  until  his  rod  reads  6.9  and 
measure  the  distance  out,  suppose  21  feet.  The  316-foot  contour 
will  be  6  feet  lower,  giving  a  reading  of  11.9,  which  may  be 
found  in  like  manner  at,  say,  80  feet  out.  As  the  rod  reads  only 
to  about  12  feet -the  topographer  must  move  out  to  this  last  point, 
and  with  the  reading  6.3 -f  6=  10.8  find  the  810-foot  contour  in 
the  same  way.  On  the  up-hill  side  the  326-foot  contour  will  be 
found  with  a  reading  of  6.3  -  (826  -  321.6)  =  1.9  feet,  and  other 
contours  in  like  manner. 
The  notes  may  be  written  thus 


Sta. 

Left. 

Center  Elev. 

Right. 

824 

305  310  316  820 
193*125'  80'  21 

321.6 

825  330  885  840 
27'  66'  80'  112 

The  number  above  the  line  is  the  contour  elevation,  the  num- 
ber below  its  distance  out  from  center. 

If  preferred  the  elevation  can  be  taken  at  regular  distances  out 
and  recorded  as  above;  the  position  of  the  contour  will  then  be 
found  by  interpolation  when  mapping  the  work. 

61.  If  the  topography  is  to  be  plotted  in  as  the  work  progresses 
the  topographer  must  have  a  light  drawing-board  with  a  pocket 
and  flap  on  back  for  holding  the  sheets  on  which  the  transit-line 
has  been  plotted  the  night  before ;  the  station  elevations  are 
marked  on  the  line  and  the  contour  positions  spotted  in  as  ob- 
tained by  slopemen,  after  which  the  contours  are  sketched  in. 
Points  where  contours  cross  transit-line  are  found  in  the  same 
manner  as  side  points.  The  size  of  the  sheets  will  depend  on  the 
taste  of  topographer  and  size  of  drawing-board ;  17x24  to  19x28 
inches  are  good  sizes. 

The  topographer  will  soon  learn  to  guess  at  the  position  'Bis 
contours  will  occupy  at  the  next  station  ahead,  and  will  sketch 
them  in  lightly,  to  be  erased  and  corrected  when  necessary.  It  is 
often  sufl3cient  to  take  lateral  readings  at  every  second  or  third 
station. 

62,  If  the  Slope-level  is  used,  the  inclination  of  the  surface  is 
obuUned;  then  by  the  use  of  a  scale  constructed  to  show  the 
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horizontal  distance  apart  of  contours,  for  the  given  contour-ih- 
terval,  for  slopes  varying  from  1"  to  20**,  the  position  of  contours 
can  at  ouce  be  spotted  on  the  map.  Wellington  recommends  the 
use  of  the  altazimuth  as  permitting  the  employment  of  either 
method  at  will— the  altazimuth  being  merely  a  hand-level  with 
a  clinometer  attached. 

63.  Oross-section  Rods  are  measuring- rods  10  or  12  feet  long 
carrying  a  level-bubble.  By  placing  one  end  at  the  center, 
bringing  the  rod  hoiizontal,  and  noting  the  height  of  the  end  of 
rod  on  the  down-hill  side,  the  slope  may  readily  be  obtained  and 
the  contours  worked  in  as  before.  For  very  rough,  broken 
ground  this  method  may  be  preferable  to  either  of  the  others. 

64.  If  the  Transit  and  Stadia  are  employed,  v^ry  elaborate 
topography  may  be  taken  with  very  little  field-work,  but  the  ob 
servations  require  considerable  reduction.  With  a  suitable  topo 
graphic  protractor  and  the  slide-rule  mentioned  in  33,  the  larg«i 
number  of  points  that  may  be  obtained  from  each  setting  of  the 
transit  may  be  readily  plotted  and  their  elevations. marked  on  the 
plot,  after  which  the  contour-lines  can  be  worked  in,  and  other 
features  mapped.  For  small  vertical  angles  no  horizontal  reduc 
tiou  is  needed. 

While  not  generally  favored  by  railroad  engineers  in  the  past, 
this  method  is  probably  the  most  rapid  and  economical  of  any  so 
far  employed  in  topographic  work. 

Article  6.  Preliminary  Estimates. 

65.  After  completing  the  field-work  of  the  preliminary  survey 
the  party  is  usually  disbanded,  only  the  transitman,  leveler,  and 
topographer  being  retained  to  assist  the  chief  of  party  to  complete 
the  map,  profile,  and  estimate  of  cost. 

66.  The  Map  may  be  drawn  to  any  suitable  scale,  but  less  than 
400  feet  to  the  inch  is  not  to  be  recommended  where  it  must  be 
used  in  projecting  location.  The  trausit-liue  is  laid  down  first 
and  the  topography  worked  in  afterwards  from  the  field-map  or 
topographer's  notes.  If  it  is  wanted  on  a  continuous  sheet,  the 
transit- line  must  first  be  drawn  on  a  succession  of  small  sheets, 
which  are  added  as  the  plotting  progresses,  a  new  sheet  being 
flipped  under  the  edge  of  the  preceding  and  tacked  down  when 
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required.  The  overlappiug  edge  is  marked  by  a  number  of  short 
lines  extending  over  onto  the  sheet  beneath,  to  enable  one  to  re* 
place  in  the  proper  position.  When  the  line  has  been  plotted  the 
sheets  are  pasted  together  and  the  whole  shifted  so  as  to  bring  the 
transit-line  over  the  continuous  sheet.  Angular  points  are  then 
pricked  through  and  the  line  drawn  on  the  continuous  sheet. 
Ordinarily  it  will  answer  to  have  the  map  drawn  on  a  succession 
of  small  sheets,  to  be  joined  together  as  required. 

The  plotting  had  best  be  done  by  bearings,  though  it  may  be 
done  from  the  deflection  angles,  provided  care  is  used  to  check 
frequently  by  bearings.  Otherwise  an  error  in  one  angle  will 
throw  all  the  remaining  portion  of  the  line  out  of  position. 

If  more  than  one  preliminary  was  run,  they  should  all  be  shown 
on  the  same  sheet  whenever  possible. 

66a.  Land  Line  Ties  should  be  made  on  both  preliminary 
and  location  surveys  at  the  time  the  field  work  is  being  done, 
for  the  reasons  given  in  the  following  paragraphs  supplied  by 
Mr.  C.  M.  Kurtz,  author  of  Modem  Location  of  Standard  Turn- 
(ruts: 

"A  matter  of  primary  importance  in  running  a  location  line 
is  to  properly  co-ordinate  it,  wherever  possible,  to  all  property 
lines  and  comers  and  also  state,  county,  town  and  section 
lines.  In  those  portions  of  the  United  States  and  Canada 
where  the  land  has  been  surveyed  into  townships,  sections, 
etc.,  it  is  very  necessary  to  tie  the  surveyed  railroad  line  to 
the  lines  and  comers  of  the  public  land  surveys. 

"  This  is  a  very  simple  matter  in  some  comparatively  flat  and 
long-settled  portions  of  the  United  States,  where  the  centers 
of  the  county  roads  have  been  established  on  section  lines, 
and  the  section  comers  are  located  at  county  road  intersections. 
In  such  locations  the  sinrvey  station  and  angles  at  which  the 
location  line  crosses  the  land  lines  can  be  observed  by  the  transit 
party  as  it  goes  forward  along  the  line,  and  the  distances  to 
the  comers  can  be  measured  by  two  extra  chainmen.  West 
of  the  Rocky  Mountains,  however,  these  conditions  seldom 
occur,  for  section  lines  are  more  often  than  otherwise  not  defined 
by  either  fences  or  roads,  and  section  comers  will  often  prove 
to  be  lost  or  obliterated.  In  this  case  it  becomes  a  very  im- 
portant fimction  of  the  topographic  party  to  hunt  up  all  comers 
which  can  be  found  in  the  vicinity  of  the  located  line,  and  to 
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make  the  usual  tie  by  survey  station,  angle  of  crossing  and 
distance  to  the  comer.  It  may  be  necessary  to  run  a  random 
section  line  between  comers,  intersecting  it  with  the  railroad 
line,  and  then  from  such  survey  data  obtain  the  tie  to  the  trae 
line  by  computation. 

"  If  time  or  conditions  will  not  permit  such  a  survey  to  be 
made,  it  may  suffice  to  make  simple  polar  co-ordinate  ties, 
either  by  a  direct  or  traverse  line,  according  to  conditions, 
to  the  comers  from  some  convenient  point  on  the  located  line. 
In  general,  however,  it  wiU  be  time  and  money  well  spent  to 
have  land  line  ties  made,  wherever  possible,  from  station  inter- 
section of  section  line,  angle  and  distance  to  nearest  comer, 
and  to  have  these  ties  made  before  right  of  way  purchase  or 
beginning  of  construction. 

"Where  the  new  railroad  line  traverses  government  owned 
land  it  is  imperative  that  ties  to  the  public  land  survey  lines  and 
comers  be  recorded  on  all  maps  made  for  filing  purposes. 

"^Land  line  ties  enable  the  location  party  draftsman  to  cor- 
rectly map  the  sections,  townships,  etc.,  as  the  location  line 
is  plotted,  and  later  to  show  proper  ownership  of  the  various 
parcels  of  land  crossed  by  the  railroad.  This  is  vitally  im- 
portant in  making  right  of  way  piu'chases.  The  ownership 
of  imoccupied  but  privately  owned  land  is  best  determined 
from  records  in  the  county  assessor's  office." 

67.  The  Profile  is  drawn  on  specially  engraved  paper,  pref- 
erably a  thin  and  translucent  paper  bearing  orange-colored 
lines  so  as  to  admit  of  blue  printing,  or,  better  still,  on  profile 
tracing  linen,  also  engraved  with  orange-colored  lines.  The 
scale  adopted  will  depend  upon  the  paper  used,  but  in  nearly 
all  cases  the  vertical  scale  is  greatly  exaggerated  as  compared 
with  the  horizontal.  When  distances  and  elevations  are  meas- 
ured in  feet  both  Plate  "A"  and  Plate  "B"  are  in  conmion 
use.  Plate  *'  A  '^  has  vertical  lines  spaced  one-fourth  inch  apart, 
every  tenth  line  being  heavier  than  the  others.  It  has  hori- 
zontal lines  spaced  one-twentieth  of  an  inch  apart,  every  fifth 
line  being  heavier  than  the  intermediate  ones,  and  every  fiftieth 
line  heavier  still.  For  the  normal  scale  of  the  paper  400  feet  hori- 
zontal equal  1  inch  and  20  feet  vertical  equal  1  inch.  This 
makes  the  exaggeration  of  vertical  to  horizontal  20  to  1.  This 
olate  is  more  generally  used  than  is  Plate  "B,"  especially  where 
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Tock  work  is  expected.  Plate  ^'B'^  has  the  same  general  plan 
of  engraving  as  Plate  "A"  except  that  the  spacings  are  4X30 
to  the  inch,  as  against  4 X 20  to  the  inch  for  Plate  "A."  Another 
form  of  spacing  is  5X25  to  the  inch,  known  as  Plate  "C," 
which,  however,  is  less  frequently  used.  There  is  also  a  metric 
paper,  graduated  to  millimeters  both  ways,  with  every  tenth 
line  heavier  than  the  others,  which  may  be  used  for  a  variety 
of  purposes.  It  is  especially  adapted  for  use  when  measure- 
ments are  made  in  the  metric  system. 

68.  Preliminary  Estimates  of  quantities  are  made  by  assumlDg 
a  grade-line  and  drawing  it  on  the  profile;  then  the  cuts  and  fills 
are  taken  from  the  profile,  and  the  corresponding  quantities  ob- 
tained from  Table  XIX  for  the  base  the  road  is  intended  to  have 
when  completed.  The  nature  of  the  work,  whether  o-dinary 
earth  or  rock,  can.  of  course,  be  only  roughly  estimated. 

Bridging  is  estimated  from  the  profile  where  piling  or  framed 
bents  may  be  used,  but  where  piers  and  long  spans  are  needed 
special  surveys  with  soundings  are  required.  Culverts,  drains, 
cattle  guards,  cross-ties,  and  rails  for  main  line  and  sidings, 
switch  stands,  buildings,  right  of  way.  clearing,  and  other  factors 
entering  into  the  question  of  cost  must  all  be  considered  and 
allowed  for  in  making  up  the  estimate. 

Engineering  expenses  and  unforeseen  outlays  that  are  sure  to 
arise  should  have  a  liberal  allowance. 

69.  The  Report  of  the  chief  of  party  should  set  forth  the  ad- 
vantages and  probable  cost  of  each  of  the  several  lines  run 
when  there  is  more  than  one.  On  this  report  frequently  depends 
whether  or  not  the  line  is  to  be  located,  and  it  should  be  cleat 
and  exhaustive,  though  plainly  and  concisely  worded.  The  map 
and  profile  form  an  integral  part  of  the  report  and  show  frono 
what  data  the  estimates  were  derived. 
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CHAPTER  III. 

LOCATION, 

Article  7.     Projecting  Location. 

70.  After  the  preliminary  has  been  mapped  and  the  topography 
worked  in,  the  engineer  proceeds  to  make  a  paper  location  for  his 
guidance  in  Ihe  field.  The  solution  of  the  varied  and  complex 
problems  that  confront  him  are  more  or  less  interdependent. 
The  guiding  principle,  applicable  to  all  departments  of  engineer- 
ing, that  ihe  best  structure  is  thai  which  for  the  least  cost  best  an- 
swers  the  purpose  for  which  it  was  intended^  should  control,  even 
though  the  resulting  structure  be  inferior,  in  point  of  scientific 
design,  to  some  other.  The  best  road  as  regards  construction  and 
grades  may  be  a  failure  because  of  excessive  first  cost,  While 
the  cheapest  construction  will  entail  such  heavy  operating  ex- 
penses that  it  may  be  equally  unprofitable.  The  alignment  must 
be  as  free  from  curves  as  possible,  while  heavy  grades  are  at  the 
same  time  excluded;  these  two  requirements  conflict  and  must 
be  as  well  adjusted  as  possible.  The  amount  of  earthwork,  of 
bridging  and  other  structures  must  be  kept  down  to  the  lowest 
limits. 

71.  Starting  at  the  summit  of  the  most  difficult  portion  of  the 
route,  assume  a  starting-point  and  elevation;  with  the  dividers  set 
at  such  a  distance  to  the  scale  of  the  map  as  will  give  a  fall  of  one 
contour-space — or  half  space— for  the  assumed  grade,  step  down 
the  slope  in  such  a  way  that  the  dividers  fall  each  time  on  the 
next  lower  contour,  or  half-space,  according  to  the  fall  assumed  in 
setting  dividers.  If  curve  compensation  is  allowed,  the  dividers 
must  be  reset  for  each  curve,  for  the  same  fall,  since  the  grade 
will  be  slackened  on  curves.  The  points  at  which  the  dividers 
fall  are  lightly  spotted  ou  the  map  and  connected  by  a  grade 
contour,  which  represents  the  surface-line  having  the  required 
gradient.  This  line  will  be  too  broken  to  be  used  as  a  location- 
line,  so  we  have  then  to  draw  on  the  map  a  succession  of  curves 
and  tangents  that  will  approximate  sufficiently  close  to  it,  at  the 
same  time  that  a  proper  balance  is  maintained  between  earthwork 
and  curvature. 

Having  lightly  plotted  the  proposed  line,  the  elevations  are 
transferred  to  profile-paper,   thus  giving  a  profile  of  the  line. 
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With  a  fine  thread  stretched  along  the  profile,  to  represent  the 
gi'ade-]{ne»  adjust  the  cuts  and  fills  to  suit  the  nature  of  the  work, 
lu  general,  fills  are  cheaper  than  cuts  both  in  construction  and 
maintenance;  and  especially  is  this  true  where  a  shallow  surface 
layer  of  earth  is  underlaid  by  rock.  It  may  happen  that  the 
material  from  excavation  must  be  used  in  embankment,  when 
the  cuts  and  fills  must  be  made  to  balance  by  shifting  the  grade- 
line  until  this  appears  to  be  the  case  on  the  profile. 

At  the  stream  crossings  the  grade-line  must  be  kept  safely 
above  high-water  mark,  so  that  sufficient  waterway  is  provided, 
and  allowance  made  therefor. 

After  locating  the  most  difficult  portions  pass  on  to  the  easier 
work,  returning  later  on  to  study  the  effect  this  will  have  on  the 
part  first  located.  It  may  be  necessary  to  go  over  the  projection 
several  times  before  you  can  be  reasonably  sure  that  the  best  loca- 
tion has  been  projected ;  even  then  the  study  of  the  line  in  the 
field  will  cause  many  of  the  details  to  be  altered,  sometimes 
materially. 

Long  grades  are  to  be  preferred  to  short  ones,  but  questions  of 
economy  may  necessitate  the  latter  in  order  to  lighten  work;  care 
must  be  taken  that  the  grades  are  not  so  badly''*  chopped"  that 
they  interfere  with  the  easy  riding  of  the  train. 

In  projecting  the  line  it  will  generally  be  best  to  strike  the 
curves  first  and  draw  the  tangents  afterwards,  though  it  some- 
times happens  that  long  tangents  will  control  the  curves;  when 
this  is  the  case  the  tangents  are  drawn  to  intersection  and  the 
curves  afterwards  put  in. 

When  transition-cui-ves  are  employed,  a  slight  offset  should  be 
made  at  the  beginning  and  end  of  curves  to  allow  for  their  inser- 
tion in  the  field.  These  offsets  will  be  so  small  that  it  is  useless 
to  attempt  to  show  them  to  scale. 

72.  A  Curve-protractor  will  be  of  material  assistance  in  find- 
ing the  degree  of  curve  required  to  unite  two  tangents  that  have 
been  laid  down  on  the  map.  It  consists  of  a  transparent,  semi- 
circular protractor  having  a  series  of  curves  from  SO^  up  to  8° 
plainly  cut  upon  it.  The  curves  are  on  both  sides,  those  on  the 
reverse  side  having  their  concavities  turned  in  an  opposite  sense 
from  those  on  the  face.  The  scale  is  usually  400  feet  to  the  inch, 
and  in  any  case  the  map  and  protractor  must  be  drawn  to  the 
same  scale.  Sometimes  a  set  of  cardboard  or  hard-rubber  curves 
are  used,  but  they  are  inferior  to  the  curve-protractor.    To  use 


40       A   FIELD-MANUAL   FOR   RAILROAD   ENGINEERS. 

it,  simply  proloDg  tangents  to  intersection  and  then  place  the 
protractor  so  that  the  curve  admitting  of  the  best  grade  is  tan- 
gent to  the  two  straight  lines.  Murk  the  poiuts  of  tangency, 
which  will  be  the  beginning  and  end  of  curve.  When  the  curve 
is  required  to  pass  through  a  given  point  tlie  proper  curve  may 
be  immediately  found  by  trial,  whereas  the  calculations  would 
require  some  little  time. 

Reversed  curves  should  never  be  allowed  on  main  lines.  Suffi- 
cient tangent  should  be  interposed  to  allow  space  for  easing  off 
the  superelevation  of  outside  rails,  or  for  the  insertion  of  tran- 
sition-curves when  these  are  to  be  employed. 

73.  The  Field  Corps  is  substantially  that  required  on  the  pre- 
liminary survey,  and  the  methods  of  work  pretty  much  the  same, 
except  that  curves  must  now  be  run  in,  and  this  necessitates  more 
clearing.  If  first  and  second  location-lines  are  to  be  run  (and  it  is 
real  economy  to  run  both),  it  will  not  be  necessary  to  have  the 
6tationing  continuous  on  the  first,  so  the  pluses  arising  from 
*'  backing  up"  need  only  be  noted  and  eliminated  when  the  final 
location-line  is  run.  If  transition-curves  are  to  be  inserted,  they 
need  not  be  run  the  first  time,  the  proper  offset  being  made  at 
vhe  P.  T.  or  P.C.  of  Ihe  circular  curves,  which  latter  are  to  be  run. 

On  the  final  location-line  the  stationing  must  be  continuous, 
beginning  with  zero.  The  stakes  are  marked  as  on  the  pre- 
liminary survey,  and  all  hubs  that  are  likely  to  be  used  again 
must  be  referenced  in,  the  reference-hubs  being  set  well  out  of 
the  way  of  disturbance  by  the  plow  or  scraper. 

The  leveler  should  make  bench-marks  every  1000  or  2000  feet, 
to  be  used  in  running  check-levels  and  in  giving  grades  later  on. 

From  the  paper  location  the  notes  should  be  made  up  in  the 
office,  to  serve  as  a  guide  in  the  field;  however,  no  attempt  should 
be  made  to  adhere  ligidly  to  them,  since  slight  errors  in  the 
mapping  will  affect  the  projected  line,  while  in  the  field  the  line 
may  be  shifted  here  and  there  so  as  to  fit  the  ground  more  snugly 
and  accord  more  closely  with  what  the  nature  of  the  earthwork 
demands. 

The  highest  skill  of  the  engineer  is  required  to  secure  the  best 
location-line,  and  he  should  have  all  the  time  he  needs.  Undue 
haste  on  location — as  on  reconnoissance  and  preliminary — is 
almost  sure  to  result  in  increased  cost  of  construction. 
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Article  8.    Simple  Curves. 
A.  Definitions  and  Formulas. 
74.  The  Circular  Curves  that  are  usually  employed  to  unite 
straight  reaches  of  the  railroad  may  be  simple,  compouud,  or  re- 
versed.   The  use  of  reversed  curves  should,  however,  be  limited 
to  turnouts  and  cross-overa. 
a.  A  Simple  Curve  is  the  arc  of  a  circle. 
h.  A  Compound  Curve  consists  of  two  simple  curves,  of  differ- 
ent radii,  both  on  the  same  side  of  a  common  tangent. 

c.  A  Reversed  Curve  is  made  up  of  two  curves  of  contrary 
flexure  having  the  same  or  different  radii,  and  a  common  tangent. 

d.  The  Point  of  Curve  (P.  (7.)  is  the  end  of  tangent  and  begin 
ning  of  cui-ve,  as  at  A,  Fig.  13. 
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Fig.  12. 

e.  The  Point  of  Tangent  (P.  T.)  is  the  end  of  curve  and  be- 
ginning of  tangent,  as  at  B  of  Fig.  12. 

/.  The  Point  of  Intersection  (P./.)  is  the  point  where  the 
tangent  at  theP.C  and  P,T.  intersect  when  produced.  {B  of 
Fig.  12.) 

g.  The  Intersection  Angle  {T\  is  the  angle  at  the  P./.  be- 
tween the  tangents  meeting  there,  and  equals  the  angle  at  the 
center. 

A.  The  Tangent  Distance  (7^)  is  the  length  of  the  produced 
tangent  measured  from  the  P.  C7.  or  P.  2*.  to  the  P./.  The  term 
tangent  is  applied  to  any  straight  portion  of  the  line,  but  the  letter 
T  will  be  used  to  designate  the  produced  portion  only. 

».  The  Mid-ordinate  (if)  is  the  portion  of  the  radius  inter. 
cepted  between  the  arc  and  chord  when  it  cuts  the  chord  at  its 
middle  point. 

j.  The  External  {E)  is  the  part  of  the  radius  produced  to  the 
P./.,  intercepted  between  curve  and  the  P.l.  "-" 
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k.  The  liong  Chord  (L.O.)  is  the  chord  joining  the  P.O.  and 
P.  T.  Frequently  the  term  is  applied  to  any  chord  longer  than 
the  unit  chord. 

I  The  Radius  will  be  denoted  by  R 

m.  The  Point  ojf  Compound  Curve  (P,0,C,)  is  the  point  of 
common  tangency  of  the  two  branch^  of  a  compound  curre. 
(See  Fig.  13.) 


P.C. 


n.  The  Point  of  Reversed  Curve  {P..B,C.)  is  the  point  of 
common  tangency  of  the  two  branches  of  a  reversed  curve. 

0.  The  Degree  of  Curve  (D)  is  the  angle  at  the  center  sub- 
tended by  the  unit  chord.  In  the  United  States  this  chord  is  100 
feet,  in  England  66  feet,  and  where  the  metric  system  is  em- 
ployed it  is  taken  at  20  meters.  Any  convenient  chord  length 
may  be  taken,  but  for  uniformity  American  engineers  have 
adopted  the  chord  of  100  feet,  and  unless'otherwise  stated  it  is 
always  so  understood  when  we  speak  of  the  degree  of  curve. 

Half  the  degree  of  curve  is  called  the  deflection-angle,  since 
it  is  the  angle  to  be  deflected  from  the  tangent  to  the  chord. 

If  there  were  any  practical  method  of  measuring  around  Vie 
curve  instead  of  along  the  chord,  an  accurate  and  convenient 
ratio  for  expressing  the  radius  in  terms  of  the  degree  would  be 
had.  Thus  if  D  is  the  angle  at  the  center  subtended  by  the  are 
of  unit  length,  we  have,  where  a  is  this  unit  arc^ 


Hence 


2iri?=:a. 


360 


(11) 


When  a  equals  100  ft.  this  becomes 

360      5729.65 


i?=.^- 


J) 


jtzsdbyGoogle.    (11') 


LOCATION. 


43 


B  varies  inversely  as  Z>,  so  that  knowing  the  radius  for  a  1° 
curve,  we  should  have  only  to  divide  this  by  D  to  get  the  radius 
for  a  2>**  curve. 

Since  the  chord  is  employed  instead  of  the  arc,  we  determine 
B  by  means  of  the  following  problem  • 

76.  Oiven  the  Chord  (7,  and  Degree  of  Curve  2>,  to  Find  the 
Radius  i?. 

In  Fig.  14,  .45  is  the  chord  0,  OE  a  perpendicular  from  the 
center  upon  AB 


Frona  the  right  triangle  AEO  we  have 


Whence 
When  (7  is  100  ft 


J?  sin  \D  =  §a 


sinii> 


JCcoseciD. 


i?  = 


50 


— — r-^  =  50  cosec  i2>. 
sin  Ji>  * 


(12) 


.  (1^0 


Comparing  results  given  by  formula  (12')  with  those  given  by 
ilV),  we  have  for  a  few  curves: 


Decree  of  Curve.  B  by  (12'). 

1 5729.65 

2 2864.93 

8 1910.08 

6 1146.28 

7 819.02 

10 573.69 

14 410.28 

20 ....:  287.94 


R  by  (110. 

Difference. 

5729.58  . 

0.07 

2864.79 

0.14 

1909.86 

0.22 

1145.92 

0.36 

818.51 

0.51 

572.96 

0.78 

409.26 

1.02 

286.48 

1.46 
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The  difference  is  seen  to  be  about  one  half  a  foot  for  a  7* 
curve,  one  foot  for  a  14*  curve,  and  one  and  one-half  feet  for  a 
20*  curve. 

Up  to  a  7*  curve  the  difference  is  inconsiderable,  and  we  may 
stake  out  curves  with  100-foot  chords.  From  7  to  14  degrees  50- 
foot  chords  may  be  used.     Therefore 

25 

For  curves  from  14°  to  28°  we  should  use  25-foot  chords, 
for  which 

^  =  ^JZ>  =  ^^'^'''''^''^^ (^^'*> 

Above  28**  shorter  chords— say  10  feet— should  be  used,  if  the 
curve  cannot  be  struck  from  the  center.    In  this  case 

Table  I  of  radii  was  computed  by  formulas  (12'),  (12'a),  and 
m'b). 

In  practice  it  is  customary  to  take  the  radius  of  a  1°  curve  as 
5730  feet  and  to  assume  the  radii  to  vary  inversely  as  the  degree ; 
thus  for  a  4°  curve  the  radius  would  be  i?  =  *JA^  =  1432.5  feet, 
while  by  Table  I  it  is  1432.69  feet— a  difference  of  only  .19  foot ; 
for  a  12°  curve  i?  =  4P  =  477.5  feet,  while  by  Table  I  it  is 
477.68  feet.  The  effect  of  taking  5730  instead  of  5729.65  for  the 
radius  of  a  1°  curve  is  to  reduce  the  error  resulting  from  the 
assumption  that  E  equals  5730  divided  by  the  degree  of  curve. 

76a.  The  Radii  of  Metric  Curves  are  based  on  the  use  of 
20  meter  chords,  equivalent  to  65.6174  feet,  since  one  meter 
equals  3.280869  feet.  Successive  stakes  are  given  even  num- 
bers, as  224,  226,  228,  etc.,  in  order  that  any  given  number, 
multiplied  by  ten,  will  give  the  length  of  the  line  in  meters 
from  the  beginning  to  the  station  in  question.  If  numbered 
continuously  the  station  number  must  be  multipUed  by  20 
in  order  to  obtain  the  length  in  meters  from  the  origin. 

The  French  designate  the  degree  of  curve  by  the  angle  be- 
tween the  tangent  and  the  chord  instead  of  by  the  angle  at 
the  center,  or  by  half  of  what  we  call  the  degree  of  curve.    There- 
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fare,  a  curre  having  a  central  angle  of  4°,  for  cme  chord  kngth, 
would  be  called  a  2®  curve. 

If  Rm  is  the  radius  of  a  metric  curve,  dm  its  degree,  as 
defined  above,  then 

jBm«10-^sinAn=10cosec<iw.  .  .  .  (12a) 
Other  functions  may  be  computed,  in  meters,  by  using 
Rm  for  R  and  dm  for  JD  in  the  formulas  which  follow,  based 
upon  the  definition  of  the  degree  of  c.urve  as  the  angle  at  the 
center  subtended  by  one  100-ft.  chord,  two  50-ft.  chords,  four 
25-ft.  chords,  etc.,  depending  upon  the  sharpness  of  cinrvatiu^. 

The  same  results  may  be  foimd  from  our  own  tables.  Thus, 
numerically,  Rm  (in  meters)  =0.21?  for  D=2dm  in  Table  I. 
Also  L.Cm =0.2  L.C.,  Jlfm=0.2M.,  Em=0.2  E  and  I'm =0.27' 
for  the  values  f oimd  from  Table  IX,  when  the  table  is  entered 
with  D=2dm  as  argument. 

If  the  equivalent  value  of  the  degree  of  curve  in  the  units 
we  use  is  wanted,  reduce  Rm  to  feet  and  in  Table  I  find  the 
corresponding  value  of  Z>. 

Table  la  gives  values  of  metric  radii  for  curves  up  to  10 
degrees,  corresponding  to  a  30^  20^  curve  as  defined  in  Section 
75,  if  10-ft.  chords  are  used. 

76.  The  Length  of  Curve  (L)  is  foimd  by  dividing  the  angle 
at  the  center  (which  equals  the  intersection  angle)  by  the 
degree  of  curve,  the  result  being  in  chains  and  decimals  of  a 
chain.  The  number  of  P.C.-\-L  will  give  the  station  number 
of  P.T. 

Example.— The  P.C.  of  a  4*"  curve  having  7=26**  30'  is  at 
Sta.  104+12.5.    Find  L  and  the  number  of  the  P.7.    Here 

L«^=6.625  chains. 
4 

104.125+6.625 =110.75;   hence  the  number  of  P.T,  is  110+75 

77.  Use  of  the  Table  of  Functions  of  a  One-degree  Curve. — 
In  the  location  of  railway  curves  geometrical  accuracy  will 
frequently  be  of  less  importance  than  rapidity  of  field-work, 
80  long  as  errors  are  kept  within  reasonable  limits. 

On  tangents  sUght  errors  of  alignment  may  readily  be  de- 
tected by  the  unaided  eye,  but  on  curves  these  are  not  so  ap- 
parent. Moreover,  it  is  not  likely  that  the  trackmen  will 
keep  curves  up  in  the  precise  position  of  their  location. 
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Table  IX  contains  the  most  frequently  used  functions  of 
a  1°  curve,  and  its  use  serves  to  greatly  simplify  and  shorten 
the  computations  of  these  functions  for  other  curves.  Its 
ordinary  use  for  this  purpose  requires  the  assumpticm  that  the 
functions  vary  inversely  as  the  degree  of  curve,  or  directly  as 
the  radius.  This  assumption  is  not  so  very  violent  if  the 
chord  length  used  is  made  to  vary  with  the  degree  of  curve  as 
advised  in  Section  76.  Thus  100-ft.  chords  may  be  used  for 
curves  not  exceeding  7  degrees;  50-ft.  chords  for  curves  between 
7  and  14  degrees;  25-ft.  chords  for  curves  between  14  and 
28  degrees;  and  10-ft.  chords  for  all  sharper  curves.  Table  I 
gives  the  values  of  the  radii  of  chords  up  to  20  degrees,  which 
radii  were  computed  on  this  basis. 

In  computing  Table  IX  the  radius  of  a  1**  curve  was  assumed 
to  be  5730  feet  instead  of  the  more  precise  value  of  5729.65 
feet.  This,  not  only  for  simplicity  of  computation,  but  also 
because  the  approximate  values  of  the  functions  found  for 
other  curves  by  the  use  of  the  table,  agree  more  closely  with 
the  true  values  than  would  be  the  case  if  the  value  5729.65 
had  been  used  in  computing  the  tabular  quantities. 

Table  IXa  contains  correction  factors,  by  the  use  of  which 
the  precise  values  of  the  L.C,  Jlf,  Ej  and  T  of  any  curve 
may  be  found  from  the  values  given  in  Table  IX  when  the 
chord  length  employed  in  locating  the  curve  is  known. 

Let  n= number  of  chord  lengths  used  per  degree  of  curve, 
(n  =  l  when  c  =  100  feet;  n=2  when  c=50  feet;  n=»4  when 
c=25  feet,  and  >  =  10  when  c  =  10  feet).  Let  (/J/)  =  sin  J/, 
vers  J7>  exsec  JJ  or  tan  JJ  according  as  the  precise  value  of  ttie 
L.C.,  M,  EjOT  T  is  wanted  for  the  particular  value  of  c  used. 
Let  khea,  factor  defined  by  its  use  in  the  equation  below: 

100 

RifH) yf(/  hi)  =  (1+A;)^(/ J/), 

^2¥ 

from  which  1  +  Aj = 


1  D* 
5730  sin^- 

2  n 


and,  therefore, 

TrueL.C.,Af.£.or  r=^Hl5L^?ction 

Degree  of  curve  ^    '    ' 
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Example— Oiven  a  10**  curve  run  with  100-ft.  chords  through 
an  angle  7 =40°,  to  find  the  true  T  and  M. 

By  Table  IX,  7^=^^^=480.8  feet,  M=i^:^=134.06  feet. 

By  Table  IXa  the  correction  factor  is  +0.00120,  and  there- 
fore the  true  7=480.8(1.0012)  =  -1-481.38,  and  the  true  M=» 
134.06(1.0012)  =  134.22. 

Had  50-ft,  chords  been  used,  as  advised  in  Section  76,  the 
correction  factor  would  have  been  only  4-0.00024,  or  one-fifth 
as  much  as  when  100-ft.  chords  are  used. 

Table  IX  may  also  be  used  for  finding  the  functions  to 
employ  when  running  metric  curves,  the  tabular  values  being 
taken  as  meters  instead  of  feet.  The  unit  metric  chord  is 
20  meters,  and  the  degree  as  defined  in  Section  76a  is  half  the 
angle  at  the  center  for  this  chord,  so  we  must  enter  Table  IX 
with  5X2<ii»  =  10dm  as  argument.    Thus  for  a  2°  metric  curve 

having  / = 40°,  M = ^|  =  17.28  meters. 

In  the  examples  given  in  some  of  the  sections  which  follow, 
the  subscript  1  is  written  after  the  letters  which  designate 
the  function  referred  to,  in  order  to  save  space.  Thus  Ti  <  28° 
means  the  tangent  distance  for  a  1°  curve  when  7=28  degrees. 

78.  Tables  of  Natural  and  Logarithmic  Circular  Functions.  — 
Many  engineers  prefer  to  work  altogether  by  tables  of  natural 
sines,  cosines,  etc.,  and  time  may  often  be  saved  by  their  use. 
Nevertheless  logarithmic  tables  nre  of  frequent  advantage,  even  in 
the  field,  and  the  more  important  ones,  such  as  the  logarithmic 
sines,  cosines,  tangents,  and  cotangents,  together  with  the  loga- 
rithms of  numbers,  are  given  in  the  back  of  the  book  along  with 
the  tables  of  natural  functions. 

79.  Given  R  and  G  to  Find  D. 
From  equation  (12), 

8ini7>  =  ^ (18) 

80.  Given  /and  R  (or  D)  to  Find  T. 

If  D  is  given,  find  R  by  (12);  then  in  Fig.  15  from  triangle 
OAB  we  get 

2'=  5  tan  i/.    .    .    •    .    .    .        (14) 

Digitized  by  VjOOQ  IC 
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By  Table  IX.— Find  the  tabular  value  of  T  for  the  given 
angle/;  then 

rp 

(14a) 


Example.— /=  SS''  40',  Z)  =  4^  required  T, 

By  (14).     T  =  1432.69  tan  I?''  50'  =  460.91  feet 

1848  4 
By  (14a),  T-  —^  =  460.85  feet,  a  result  differing  from  the 

value  found  by  the  rigid  method  by  only  0.06  foot. 

81.  Given  /and  Tto  Find  i?  or  2> 
From  (14), 


5  = 


tan  \I 


=  rcoti/. 


Then  by  Table  I  the  degree  may  be  found. 
By  Table  IX. 


(15) 


(15a) 


82.  Oiven  /and  J)  to  Find  the  Long  Chord  L.O, 
First  find  /?  by  (12)  or  (12'),  or  by  Table  I ;  then  from  the 
triangle  0-4Fof  Fig.  15. 

.-.  AQ  =  %AF^  L.  C.  =  2iJ  sin^QsIe  .    (i6) 
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Bt  Tabus  IX.-~FiDd  the  tabular  L,  G.  for  the  giveu  angle  /; 
then 


X.(7.= 


x.a, 


(16a) 


83.  Given  the  Radios  B  and  any  Chord  C  to  Find  the 
Ordinate  to  the  Curve  at  any  Point. 

FiKBT  Method.— In  Fig.  16  let  HE  be  the  chord  (7;  HK—  a 
and  KE  =  b,  the  segments  into  which  it  is  divided  by  the  ordi- 


Q 
M 

\ 

^K                     '** 

7~^~r 

c             X 

^F\    « ^* 

1    . * 

/ 

/    y/         \ 

/ 

Fio.  16. 


nate  y.     Draw  the  radiuii  through  K\  call  the  portion  between 
chord  and  curve  j/.    By  geometiy, 


from  which 


ah 


y  =; 


-y" 


But  y'  is  small  compared  with  212,  and  hence  we  write 

.       ah 
^  =  25 


(«) 


Now  ^  does  not  differ  sensibly  from  j/  in  the  cases  met  with  in 
practice,  so  we  write 

ah 


^      2i2* 


Dgtz'edby'Goagle      *       ^^ 
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If  we  write  B  =  — tT-»  formula  (6)  becomes 

_      abP 
^""2X5780 •    ^^ 

^*  Too  ~  ''*'  100  ~  ^'  *°^  substitute  in  (c),  giving 

1(^00 
y  =  11460  ^^-^  =  0.873mni>, 

or  very  nearly 

p=:imnD (17) 

^  is  given  in  feet  when  m  and  n  are  in  chains  and  decimals  of 
a  chain. 
At  the  mid-point  -F,  w  =  n,  and  y  —  M, 

.-.  M=iin''D .    (18> 

Caution.— Formulas  (17)  and  (18),  while  very  convenient  for 
field  use  in  passing  obstructions,  are  liable  to  error  when  very 
long  chords  or  large  values  of  D  are  used,  since  they  give  results 
that  are  too  small. 

If  we  write  the  arcs  HN,  NE  for  a  and  J,  we  shall  get  results 
that  are  too  large,  yet  about  as  near  the  true  values  as  by  taking 
m  and  n  to  be  the  segments  of  the  chord.  To  illustrate  we  will 
find  a  few  values  of  M  and  compare  with  the  true  values  taken 
from  Table  V. 

Degree  Length  Mid-ord.  Mid-ord.         Hid-ord. 

of  of  by  by  by 

Curve.  Arc.  lf=J(fiF)«D.      M=yiHQ)*D.    Table V. 

2 2  Stations.  1.75  1.75  1.75 

2 6  "  16.69  15.75  15.69 

5 2  '*  4.37  4.38  4.36 

5 6  "  88.51  89.88  39.06 

8 2  "  6.96  7.00  6.97 

8 4  •*  27.29  28.00  27.75 

8 5  **  42.02  43.75  43.20 

8 6  "  59.43  63.00  61.98 

From  this  it  appears  we  may  use  formula  (18)— and  (17)  as 
well — taking  either  the  segments  of  the  arc  or  chord  for  curves 
'Ot  exceeding  4"*  with  arcs  up  to  600  ft.;  for  curves  from  4**  to  6* 
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they  may  be  used  up  to  600-ft.  arcs,  while  for  curves  between 
6*  and  8^  not  more  than  400  feet  of  arc  may  be  taken. 

Second   Mxthod.— First   determine   the    mid-ordinate.     In 
triangle  OBF, 


then 


jr=  -FG^  =  i?  -  Vi?  -  iO* (19) 

To  find  ordinate  ^0  distant  d  from  the  mid-point  of  Eff,  draw 
OB:=d  parallel  to  HE;  draw  AB  at  right  angles  to  HE.    Then 


BA  =  i/iJ*  -  €P. 
Therefore 


04  =  y=i/i?-d«- V^'-JO'.    .    .    .    (20) 

Thibd  Method.— If  the  chord  C  is  short,  we  may  regard  the 
arc  as  an  arc  of  a  parabola,  for  which  it  is  known  that  ordi- 
nates  vary  as  the  product  of  the  segments  into  which  they  divide 
the  chord.    The  mid-ordinnte  being  known,  we  have 


•    •   *    • 

(81) 

From  formula  (J)  we  hav«  for  y  =  M,  a  =  b  = 

■iO, 

^-  ZB  -8B-    •    • 

•       •       •       • 

(88) 

The  mid-ordinate  for  any  other  chord  C  is 

■^'-85- 

Hence 

1?=  V 

...jf.-if(^T.  .  .  . 

(88) 

m 

'       \oj 

Ifflf'sJO.thfaglves 

Jf  s=lM.   .    .   .  Dwizedb,  Google 
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Thi»  last  relation  swords  an  easy  method  of  staking  out  a  cunre 
when  the  mid^ordinate  of  a  given  chord  has  been  determined. 
First  erect  the  ordinate  M  at  the  mid  point  of  the  chord;  then 
join  the  ends  of  chord  with  the  extremity  of  the  ordinate  just 
measured;  the  lengths  of  these  chords  do  not  differ  much  from 
\C\  at  their  mid-points  erect  ordiuates  equal,  to  \M,  giving  points 
on  the  curve.  Proceed  in  like  manner  for  other  points  until  a 
sufficient  number  have  been  loc&ted. 

84.  Given  R  and  /  to  Find  the  XSxtttmal  B. 
In  Fig.  17  E-OB=OB--  00, 
But  05  =  22  sec  J/ and  00  =  R, 

.-.  JBr=i2(secii-l)  =  iJex8eci/.    ...      (24) 

By  Table  IX.— Find  E  for  a  1°  curve  for  an  intersection 
angle  /;  then 

i^=5 (24a) 


86.  Given  T  and  /  to  Find  E. 

In  Fig.  17  draw  BC  perpendicular  to  AB,  and  produce  ^G^  to 

b/ 


intersect  BCnX  G,  BO\a  parallel  to  AO,  and  the  triangles  AOO 
and  COB  are  similar;  hence  BG  =  BO  =  E,  In  the  right  triangle 
ABG,  angle  BAO= \BAF  =  J/.    Therefore 

(26) 


JBr=rtan}/. 

SxBRCiss.— Derive  equation  (35)  from  (24^byGoogh 
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86.  Qivenifand/toFiiidJS: 
From  trigonometry, 

seci/  = 
Insert  this  in  (24)  and  we  get 


cos^r 


cos  J/ 


But  from  Fig.  17.  if  =  i2(l  -  cos  J  J).    Substitute  in  (a) : 
"  =  if  sec  (J. 


cos|/ 

87.  Qiven^^and  JtoFiBd/?. 
From  (24), 

E  E 


(«) 


(26) 


i?  = 


sec  J/  —  1      ex  sec  J/         vers,  i/* 


88.  Given  /and  ^to  Find  1. 
From  (25), 


T  = 


tan  Ji 


=  i^cot  J/. 


(27) 


(28 


89.  Given  the  Chord  G  and  Degree  of  Curve  Dib  iHnd 
the  Chord  Deflection  Offset  d. 
In  Fig.  18  extend  EA  to  H,  making  vl£r=  EA:=^  AB\  join 


*"0 

Fia.  18. 
H and  B  and  draw  AK  to  the  midpoint  of  HB.    Then 


c?=:-ffj?  =  2{7sin  JZ>." 


V  Google 


(29) 
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When  C  =  100'. 

d  =  200  sin  12).     .    .    .    .    ...    .    .     (2^) 

If  we  write  sin  4-D  =  ^  ^rom  (12)  in  formula  (29),  there  results 

d  =  § V    (30) 

For  curves  up  to  7%  C  =  100';  hence 

d  =  *-5^. m 

For  curves  from  7**  to  14%  0  =  50';  therefore 

d  =  ?g?. (80") 

For  R  write  ^,  and  (30'),  for  0  =  100,  becomes 

rf  =  g2>=:1.746D; (81) 

and  for  (7  =  50,  (30")  becomes 

d  =  J^2)  =  . 43632)  =  . 878. |.    .    .    .     (810 

Example.— Find  d  for  a  6'  curve,  0  =  100  feet. 
By  (2d'),         d  =  200  X  0.05234  =  10.47  feet. 

By  (31),  d  =  1.745  X  6  =  10.47  feet. 

90.  Given  the  Chord  0  and  Degroe  of  Curve  2)  to  Find  the 
Tangential  Deflection  Offset  t 

In  Fig.  18  make  EF  (tangent  at  B)  equal  to  EA,  and  join  F 
with  A.  Draw  EO  to  the  mid-point  of  FA.  Angle  AEO  = 
QEF  =  \D\  hence,  from  the  figure, 

AQ-QF^  (78hii2). 
•.  <  =  2C  sin  J2>.    .  t  z^  by  Google    .    (82) 
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When  0  =  100  feet, 

t  =  200  sin  {D (82) 

Since  \D  is  small,  we  may  write,  without  material  error, 

sin  iD  s=:  i  sin  ^D;  then,  writing  sin  ^D  =  —,  as  in  89,  we  get 

a* 

'  =  m ("»> 

Making  (7  =  100  ft.  and  writing  B  =  ^  gives 

'  =  aSo^  =  <*-«'»^-     •  •   •  •    W 

When  (7  =  50  feet,  (83)  yields 

i  =  .2182)  =  .436  X  -? (88") 

ExAHFLB.— find  <  for  a  6*  curve,  (7  =  100  ft. 
By  (820  <  =  200  sin  1"  80'  =  5.24  ft. 

By  (88'),  =  .873  X  6  =  5.24  ft. 

91.  To  Find  the  Snbtangential  Deflection  Oflbet  t  for  a 
Snbdiord  (T 

First  Method.— By  formula  (13)  find  the  angle  at  the  center 
subtended  by  the  subchord  C'\  call  this  angle  2/.    From  (82), 

<  =;?  2(7'sin  J2>' (84) 

Sbcond  Mbthod.— In  Fig.  19,  with  iZTas  center  strike  the  arcs 
FO  and  AH,  taking  EF  =  C  and 
EA^G'y  prolong  BO  to  B.  Now 
assuming  that  the  chords  C  and  G 
are  proportional  to  their  central 
Angles  we  hare 

AB       t  ,  ,    ^ 

From. the  similar  sectors  EFO  Fio.19. 

imd  i7il^,  shice  EB  =  0, 

•—SS—.       ,       .    Di^iti.ecf  by  Google-  .     W 
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Multiplying  (a)  and  (6)  together,  term  by  tenn, 


Whence 


-'(?)•• 


<'  =  <(;;  1 (85) 

Example.— Find  t'  for  a  7^  curve  when  (7  ^^  60  ft. 


Here 

By  (84), 
By  (82'), 

By  (85), 


U 


60 
100 


X  7"  (very  nearly)  =  4'  12'. 


<'  =  2  X  60  X  0.01882  =  2.20  ft. 
t  =  6.11  ft. 


92.  To  Find  the  Tangent  0£fset  z. 

In  Fig.  20,  ^J5  =  «  is  Uie  required  offset.   Let  AE  =  n  chains  = 
lOOn  feet.   AE=FB,  the  half-chord 
having  the  mid-ordinate  AF  =  EB 
hence  we  have,  by  formula  (18>, 

z  =  InW,     ...    (86) 

In  this  formula  we  may  take  n  to 
be  either  the  length  of  AE  or  the  arc 
AB,  in  chains.  If  taken  equal  to  AE 
the  offsets  will  be  slightly  too  small, 
while  If  taken  equal  to  AB  they  will 
be  a  little  too  large.  The  use  of  the 
formula  is  limited  to  small  values  of 
n  and  D,  as  was  pointed  out  in  83. 
(See  Caution.) 
Formula  (86)  is  easy  of  application  and  of  frequent  use  in 

locating  curves  by  offsets  froiu  the  tangents.     For  curves  up  to 

4*  n  may  be  as  great  as  3,  but  for  sharper  curves  it  should 

be  less. 
Example.— Find  six  offsets  to  a  4*  curve  at  points  50  ft.  apart. 

measured  around  the  curve.  Digitized  by  Google 


Fio.  20. 
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By  succesdye  applicatioDs  of  (36)  we  haye 

forn  =  i  e  =  J  X  i  X  4  =    0.88 feet 

n  =  1,  «  =  J  X   1X4=    3  60    - 

n  =  l  «  =  i  X  f  X  4  =    7.88    " 

n  =  2,  «=}X4X4  =  14.00    " 

n  =  |,  «  =  iX*f,X4=:21.88    " 

n  =  8,  «  =  JX9X4  =  81.50    " 

The  last  value  of  z  is  in  error  by  about  0.2  ft.,  but  for  settiDg 
stakes  on  construction  this  difference  is  not  material  so  long  as 
the  alignment  beyond  ibis  point  does  not  depend  on  it.  In 
setting  track-centers  the  completed  road-bed  is  available  and  the 
stakes  may  be  set  with  the  transit,  in  the  usual  way. 

93.  Difference  in  Length  of  a  Oiroular  Arc  and  its  Long 
Chord. 
First  Method.— Let  the  central  angle  be  a  degrees.    By  (18), 

Changing  degrees  to  circular  measure,  a  (in  ;r  meas.)  =  -— 

loO 

a'  a" 

p  r=-j.    The  length  of  arc  is  i2a  =  ifcy-g.    Then 

/I* 
Arc  —  chord  =  Rr=-z  —  « •    (87) 

07.  o 

Second  Method.— An  easy  approximation  may  be  found  as 
follows : 

Referring  to  Fig.  17.  AE=  c,  QF=  M,    Let  2l(?  =  6  =  g-  +  «. 

From  the  right  triangle  AFO 

From  which  *  =  r+li-  DWdb,Goo§l^    •     <«> 


r 
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Neglecting  the  is  in  denominator  as  small  compared  with  c 
giyes 

*=f- <^) 

Then  will  26-c  =  2aj  =  ^^ (88) 

From  Huygens*  approximation  to  the  length  of  a  circular  arc 

(see  Williamson's  Differential  Calculus,  p.  66),  arc  =  — 5 — . 

o 

Therefore 

Arc  —  chord  =  —^ c  =  |(26  —  «).      .'   .      (0) 

Inserting  the  yalue  of  2&  —  c  from  (38)  gives 

8Jf* 
Arc .—  chord  =  -g-"* (d) 

When  the  arc  is  not  very  great  we  may  write  c  =  lOOni ,  where 
ni  is  the  number  of  chains  contained  in  the  arc  AB,  From  (18), 
remembering  that  Ui  =  2n, 

Jf=0.218ni«2>. 
Inserting  these  values  of  c  and  Jf  in  ((Q, 

Arc- chord  =  I  <:B^^  =  gJg«..2>..  nearly..    (8») 

Example.— Find  the  difference  in  length  of  arc  and  chord  of 
a  4°  curve  when  Wi  =  6  stations. 

The  central  angle  is  4  X  6  =  24°;  then,  from  Table  IV, 
c  =  695.74. 

By  (37), 

24 
Arc  -  chord  =  1482.7  X  ^  -  595.74  =  434  ft 
07.  o 


By  (39), 
Arc 

Rem  a  rk. —Formula  (38)  is  interesting  as  sh«mng<^9m  a  com- 


Arc  -  Chord  =  '  ^  '  ^g^' ^  '         =  4.88  ft 
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paratiYely  small  iocrease  in  leagtb  of  line  is  caused  by  a  consid^ 
erable  lateral  deflection  in  alignment.  For  instance,  a  lateral 
deflection  of  2000  feet  is  made  at  the  mid-point  of  a  line  40,000 
feet  long ;  what  will  be  the  increase  in  length? 

By  (88)  the  increase  is  ||^*  =  200  feet,  givhig  for  the 

increased  length  40,200  feet. 

B,  Locating  Simple  Cuires, 

94.  To  Locate  a  Onrve  with  the  Chain  by  Ofliets  from 
Ohords  Prodaced. 
In  Fig.  21  let  the  P.  C.  fall  at  ^.    If  ^(7  is  a  full  chain,  prolong 


the  tangent  AB  to  ff,  making  BE  =BC;  HO  wil J  equal  i,  whjch 
may  be  calculated  by  (32)  or  (33').  'With  B as  center,  strike  an 
arc  with  radius  BE,  and  with  B  as  center  and  t  as  radius  strike 
an  arc,  at  C,  where  these  arcs  intersect,  set  a  stake.  Produce 
BO  to  JBT,  making  CK=BC  =  QD;  strike  the  arc  ED  from  C  as 
center ;  make  the  chord  KD  =  d,  calculated  from  (29'),  (30'),  or 
(31).  Set  a  stake  at  D  and  proceed  in  like  manner  for  the  other 
points  until  the  P.  T,  is  reached,  where  FP  is  made  equal  to  t: 

Usually  the  RC.  does  not  fall  at  a  full  station  ;  then  EC  =r  f, 
which  may  be  found  by  (34)  or  (36).  Using  this  value  of  <',  we 
locate  0  as  above.  At  B.  make  BB  =  t',  and  prolong  BC  to 
L  ;  make  LD  ^  t  and  set  a  stake  at  D.  EM  will  equal  d,  and 
may  be  located  as  before. 

We  tnay  i^gard  KD  as  equal  to  fZ^^^dba^c^dhigi  RL, 
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measure  KD  and  set  B  without  locating  i?.    To  do  this  we  have 
the  similar  triangles  BEG  and  CKL,  from  which 

CK"  BO' 
and  therefore,  since  KO  =  OB, 

^^-^Bcr 

In  like  manner  at  F  we  have 

PZV=<^.    and    FP=iix' 

hence 

NF=PN+U'. 

Make  iZTQ  =  </,  prolong  Q^,  and  wc  have  the  tangent  at  F, 
ExAMPLB.— Given  the  P.  C.  of  a  5'  curve  at  106  +  20  and  the 
angle  of  intersection  22°,  to  locate  the  curve. 

22 
Here  C  =  -=-  =  4.4  stations. 

0 

Therefore  the  number  of  the  P,  T,  is 

106.20  +  4.4  =  sta.  110  +  60. 
BO  in  this  case  is  80  ft.,  and  by  (33') 

i  =  0.873  X  5  =  4.87  ft. 

By  (35),        t'  =  4.87  X  (^)'=  2.80  ft 

Set  off  HO  =  2.80  ft.,  and  at  B  make 

100 

iTD  =  2.80  X  ^  +  4.87  =  7.87  ft. 

At  E  make  ME=d^  8.72  by  (31).  This  will  be  at  sta.  109  ; 
at  110  set  a  stake  by  offsetting  8.72  ft.  The  last  chord  is  60  long, 
and  hence  the  offset 

JfF^  4.87  X  ^  +  487  X  (— )*=  8.62  +  1.67  =  4.19  ft. 

Make  BQ  =:  l.|S7  ft,  and  prolong  QF,  the  terminal  tangent 
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96.  To  Locate  a  D  Degree  Ounre  by  OfteU  fxam,  Tangent 

Let  AM,  Fig.  22,  be  tangent  at  A,  and  B,  F,  O,  etc.,  points  on 
the  curve.    The  offseU  BE,  CF,    ^  B  ^ 

etc.,  may  be  found  from  formula  lP 
(86), 

t  =  inW, 

either  by  taking  equal  intervals,  | 
AB,  BC,  CM  along  the  tangent  or 
by  taking  E,  F,  O,  etc.,  at  regular 
stations  around  the  curve  and 
using  the  arc  length  instead  of 
the  tangent. 

When  the  arc  AO  i&  large,  or 
strict  accuracy  ia  required,  we 
proceed  to  find  the  offsets  at 
regular  stations  and  the  lengths 
of  AB,  AC,  etc.  Plret  find  R 
from  (12)  or  (12');  then  from  triangle  GEL, 
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BE—  AL-  R(\  -  cos D)-R vers D, 
AB  =  LE=  RsinD. 
In  like  manner 

CF  =  AH  =  R(l,^  cos  2Z>)  =  R  vers  22), 
AG=HF  =  Bsiii2D, 

and  so  on  for  any  number  of  stations. 
Should  A  fall  at  a  plus  station,  we  first  find  the  angle  231^  at  tbe 


center,  then 


BE  =  R  vers  2),  . 
AB  =a  i?  Bin  Z)i , 
CF  =  R  vers  (2)i  +  2)), 
AC=  Rsiu  (2>,  -|-2>), 
etc.  =  etc. 


The  ordinates  BE,  CF,  etc.,  are  evidently  equal  to  the  mid- 
ordinates  for  long  chords  2LE,  2HF,  etc.;  hence  we  can,  if 
A^  E,  F,  and  O,  fall  at  full  stations,  take  them  direct  from 
Table  V;  then  take  ttie  long  chords  from  Table  IV  and  dividing 
these  by  2,  get  the  required  coordinates,      tized  by  Google 
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Example.— Locate  three  stations  of  a  4°  curve  by  <^Esets  every 
50  ft  on  curve. 

Referring  to  Table  V,  the  required  offsete  are  0.87,  3.49,  7.85, 
13.94,  21.77,  and  31.31.  By  Table  IV  the  distances  measured 
along  tangent  are  50.0,  99.94,  149.76,  199.39,  248.78,  and  297.87. 
With  these  values  we  can  set  out  the  curve  either  way  from  A, 

Had  we  used  formula  (36)  we  should  have  had  for  the  values 
of  the  offsets  0.87,  8.50,  7.88,  14.00,  21.87,  and  31.50. 


96.  To  Locate  a  Ourve   by  Ofiiseta  from  a   given   Long 
Chord. 


Let  FK,  Pig.  23.  be  the  given  chord.    We  may  compute  the 
<^sets  yi ,  yt . . .  Jf  by  the  methods  of  83— of  which  formula  (17). 

is  the  most  convenient,  within  the  limits  of  its  applicability — 
and  setting  off  these  ordinates.  locate  the  curve. 

Or  we  may  set  off  the  mid-ordinate  M  =  B^ersFOA  at  A^ 
and  at  C  set  off  ya  =  if  —  i2  vers  -D,  making 

AC=HL  =  B  sin  D, 

yx  -  M-  R  vers  22),    and    AE  =  R  sin  2D, 

Another  Method  is  to  find  the  angle  KOFtX  the  center,  and 
by  Table  IX  determine  BA^  M\  then  by  Tables  V  and  IV 
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determine  BL,  BN,  LB,  and  IHQ,    Then  HO  ^  M  -  BL,  which 
set  off  at  0,  and  other  points  in  like  manner. 

ExAMPLB.— Given  the  P.C  of  a  4*  curve  at  station  160  +  75, 
the  angle  between  tangent  and  chord  =  9*",  required  the  offsets 
necessary  to  locate  the  curve. 

Here  7=3x9  =  18*. 

18 
.•.    Z  =  -T-  =  4.50  stations. 
4 

Hence  the  P.T,  falls  at  160.75  +  4.50  =  sta.  165  -j-  25.  The 
mid-point  on  curve  B  falls  at  sta.  163.    By  Table  IX, 

jf=!2^=  17.64  ft 

4 

By  Table  V  the  midordinate  for  two  stations  of  a  4**  curve  is 

BL  =  3.49. 

Hence  ITC  =  17.64  -  8.49  =  14.15. 

By  Table  IV.         HL  =  AG=  99.94  ft. 

Measure  AG  =  99.94  ft.,  and  set  off  Cir=  14.15  ft.,  and  drive  a 
stake  at  U.    In  like  manner  find 

G^=3.70    and    ^i5?=  199.39  ft. 

The  points  P  and  Q  are  also  located  by  means  of  the  coordi- 
'  Kates  just  determined. 

If  B  had  fallen  at  an  odd  station,  the  curve  could  have  been 
located  in  the  same  manner,  J7and  P  being  100  ft.  from  B,  O  and 
Q  200»  etc. 

97.  To  Locate  a  Ourve  with  Transit  and  Ohain  when  the 
Degree  D  or  Radios  B  is  BInown. 

If  R  is  given,  determine  D  by  (13);  then,  since  the  angle  in 
the  circumference  of  a  circle  is  half  the  angle  at  the  center  sub- 
tended by  the  same  chord,  we  may  locate  points  on  the  curve  by 
successive  deflections  from  the  tangent. 

In  Fig.  24  let  the  P.  0,  be  at  A,  at  which  point  set  the  transit, 
and  with  the  vernier-plates  clamped  at  zero  place  the  telescope 
in  tangent  either  by  sighting  the  P.L  or  by  backsightiug  to  some 
point  in  the  tangent  Deflect  from  the  tangent  half  the  angle  at 
the  center  for  the  sub-chord  or  chord,  and  direct  the  head  chain- 
man  into  line  while  the  rear  chainman  holds  his  end  of  the  obiifai 
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at  the  transit,  the  chaiu  bdng  kept  Uut.  The  stakeman  drives  a 
stake  at  the  point  where  the  head  chainman's  flag  rested,  and  the 
rear  chainman  advances  to  this  point.  Deflect  iD  from  the  chord 
AB  just  run,  and  while  the  rear  chainman  holds  his  end  of  the 
chain  at  B  direct  the  head  chainman  into  line  at  C,  Other  points 
are  located  by  deflecting  an  additional  ^D  for  each  chord  length 
measured,  until  a  point  E  is  reached  to  which  it  is  desirable  to 
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move  the  transit.  The  angle  FAE  should  not  exceed  about  IS*. 
Move  the  transit  to  E,  backsight  to  A,  and  deflect  FEA  =  EAF, 
when  the  telescope  will  be  in  tangent,  and  the  curve  can  be  con- 
tinued until  it  is  again  necessary  lo  move  the  tremsit.  At  the 
P.  T.  put  the  telescope  in  tangent  by  backsighting  to  the  point 
last  occupied  by  transit  and  deflecting  the  tangential  angle  as  at 
E,    The  line  may  now  be  continued. 

98.  The  Indes-angle  is  read  on  the  vernier-plate,  and  is  the 
angle  between  the  tangent  to  the  curve  at  the  P.  0.  and  any  other 
line  passing  through  a  point  on  the  curve  when  the  telescope  is 
directed  along  this  line.  It  is  most  frequently  taken  as  the  angle 
between  the  initial  and  any  subsequent  tangent  to  the  curve. 
Thus  at  E  the  index-angle  equals  EFP  =  2FAE.  At  any  point 
on  the  curve  the  index-reading  in  tangent  may  be  found  by  the 
following  rule,  which  may  be  easily  deduced  from  a  figure: 

From  double  ihe  index- angle  tJiat  fixed  the  point  subtract  tlie  index- 
angle  in  tangent  at  the  last  point;  tlie  remainder  is  tJie  index-angle 
required. 

99.  Sabdeflection-angles  may  be  found  by  (13)  rigidly,  or 
approximately  (and  with  sufficient  accuracy  except  when  D  is  very 
large)  by  assuming  the  central  angles  to  be  proportional  to  their 
chords.  Thus  on  a  4**  curve  the  central  angle  for  a  sub-chQrd  of 
%ft.  would  be  l^  and  the  ^ubdeflection  angle  30',      ^ 
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ExAHFLB-^Locate  a  4'  curve  to  left  when  the  P.C.  is  at  sta. 
81  +  25  and  /=  Ba*  86'. 

Here  L  -t  —f-  =  8.15  chains. 

4 

Hence  the  P.  T.  wUl  fail  a^  81.35  -f-  8.15  =  sta.  89  +  40.  The 
first  sub-chord  is  75  ft.  long,  itnd  the  tirst  deflection-angle  will  be 
found  by  (18). 

.-.  i5  =  r  80'. 

By  the  approximate  rule,  since  \D  =  3% 

3  ""100* 

whence  i*  =  3  X  I  =  1'  30'  as  before. 

With  transit  at  P.  (7.  deflect  l**  30'  from  tangent,  measure  75 
feet,  and  set  sta.  82.  Then  a  deflection  of  3**  30'  will  determine  < 
88,  5"  30'  sta.  84,  7**  30'  sta.  85.  Now  remove  transit  to  85,  and 
with  vernier  at  7"  30'  backsight  to  81  +  25r  Reverse  telescope 
and  set  vernier  at  15*"  00',  when  the  telescope  will  be  in  tangent. 
An  index  angle  of  17''  will  fix  86,  and  so  on. 

The  last  chord  will  be  only  40  feet  long,  for  which  the  sub- 
deflection-angle  is  ^^  of  2%  that  is,  48'.  The  index-angle  fixing 
the  P.r.  is  therefore  23"  48'. 

To  get  in  tangent  at  89  +  40  backsight  to  sta.  85,  with  vernier 
at  23*"  48' ;  then  by  the  rule  of  98  the  hidex-reading  is  (23°  48')  X 
3  —  15**  =  32'  86'  =  /.  Set  the  vernier  at  this  reading  and  run 
tangent. 

Caution.  —It  is  not  good  practice  to  set  more  than  4  or  5  sta- 
tions on  curve  from  any  one  point.  Mr.  Shunk  gives  the  limit- 
ing angle  to  be  deflected  from  tangent  as  20°,  and  says  15"  should 
rarely  be  exceeded.    {Field  Engineer,  p.  82.) 

100.  The  Transit  Notes  may  be  conveniently  kept  in  the  form 
1)elow,  whidi  shows  (he  notes  for  tbe  last  example. 

When  possible  the  tangents  should  be  run  to  intersection,  the 
an^  1  measured,  and  the  tangent  distance  calculated.    Then 
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measure  along  tangents  and  set  P.C,  and  P.T,  from  the  P.T, 
When  the  cuiTe  is  run  in,  the  position  of  the  P.  T.  thus  found 
should  agree  with  the  one  set  from  the  P.L  If  the  error  is 
greater  than  the  circumstances  of  the  case  permit,  the  curve 
must  be  rerun  and  tangents  remeasured. 

101.  Another  Form  of  Notes,  and  in  some  respects  a  better  one 
than  the  above,  is  given  below.  The  index-readings  are  com- 
puted as  though  the  entire  curve  wore  run  from  the  P,C.  The 
notes  for  the  last  example  would  appear  as  below : 


Station. 

1^ 

Is 

si 

h 

5 

^^ 

Remarks. 

90 

-IS 

88 
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-f26 
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0»   O' 

0*  0' 
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^=418.9ft 

81 

N  60*12' E 

N 60*10' E 

The  computations  are  all  made  before  beginning  the  work,  and 
the  notes  have  the  advantage  of  permitting  the  tracing  of  the 
<mrve  either  way  from  the  instrument  without  additional compa- 


LOCATION.  67 

tatioiis.  Suppose  the  transitman  to  have  run  the  curve  from  the 
P,C,  to  Bta.  85,  to  which  pomt  he  removes  the  instrument.  He 
there  sets  the  vernier  at  0**— the  angle  on  limb  when  telescope 
was  in  tangent  at  the  P.  (7. — then  sighting  the  P.  (7.  he  reverses 
the  telescope  and  deflects  to  0°  30',  which  will  fix  sta.  86.  Had 
the  tangent  at  85  been  desired,  a  reading  of  7**  3(y— the  angle  that 
located  that  point — would  have  put  the  telescope  in  the  plane  de- 
sired. A  reading  of  11**  80'  fixes  87,  and  so  on  to  the  P.T, 
Removing  to  the  P,T,,  the  plates  are  clamped  at  7^  30',  and  a 
backsight  to  sta.  85  taken ;  then  deflecting  to  16'*  18\  the  tele- 
scope is  in  tangent  at  the  P.  T,  Had  it  been  desirable  to  set  84 
from  85,  a  reading  of  5°  30'  would  fix  that  point ;  others  may 
be  found  in  the  same  manner. 

Any  convenient  form  of  notes,  which  are  intelligible  to  another 
engineer  who  may  have  to  retrace  the  curve,  may  be  used,  but  it 
is  desirable  that  some  general  form  should  be  employed.  Either 
of  the  preceding  forms  seems  to  meet  ordinary  requirements. 

C,  Obstac/ea. 

102.  To  Pais  an  OlMtacle  cm  a  Chinr«. 

FiBST.  Buppois  the  obUaeU  to  he  one  ebetrueting  ^oiewn  ol  one 
station  only. 

In  Fig.  25  suppose  transit  set  at  A,  and  B  and  G  located  from 
that  point,  but  the  next  full  station,  J7,  to  be  invisible  from  A. 
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Set  a  plus  station  at  E,  as  near  the  obstruction  as  may  be  conven 
lent,  then  set  F 100  feet  from  E.  Next  make  FG'  =  100  -  CE, 
and  locale  O  with  the  corresponding  deflection-angle.  Other 
stakes  may  be  set  beyond  O,  or  the  transit  may  be  removed  to 
that  point  and  the  curve  beyond  traced. 

Second.    Suppose  the  line  of  sight  obscured  for  more  than  one 
station,  a$  in  Fig,  26,  jtized  by  Google 
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If  transit  is  at  A,  deflect  an  angle  HAB  that  will  clear  all  ob- 
structions, and  at  the  same  time  cause  B  to  fall  at  a  full  station. 
Then  by  Table  IV,  Table  IX,  or  by  formula  (16)  calculate  the 
long  chord  AB ;  measure  ^^and  move  transit  to  B ;  then  deflect 
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the  angle  ABC  =  BAH  when  the  telescope  will  be  in  tangent. 
The  curve  may  now  be  run  both  ways  from  B. 

If  it  happen  that  some  stations,  as  E  and  F  in  the  figure^  are 
still  invisible,  they  may  be  located  by  offsets  from  chord  or  tan- 
gent. 

Example. —Let  the  curve  be  a  3°  curve  to  right ;  angle  HAB 
=  7**  30',  the  deflection-angle  for  5  stations.  By  Table  IV  the 
long  chord  is  498.63  feet,  which  can  now  be  measured  and  a  hub 
set  at  B ;  then  making  angle  CBA  =  7*"  3(y,  the  telescope  will  be 
in  tangent  and  the  curve  can  be  traced  either  way. 

103.  To  Locate  a  Curve  when  the  P.  G.  is  Inaccessible. 

In  Fig.  27  let  the  P.G,  at  B  be  in- 
accessible ;  it  is  desired  to  reach  a 
poiot  H  on  accessible  ground. 

First  Method.  —  Assume  a 
point  H  on  the  curve  such  that  a 
line  AH  from  an  accessible  point 
A,  on  tangent,  will  clear  the  ob- 
stacle ;  for  convenience  H  should 
be  at  a  full  station.  ThearcJ3!fl 
and  central  angle,  which  equals 
HCF,  are  then  known.  Calculate 
J5(7  =  r  by  (14)  or  (14a) ;  then 
since  AB  is  known,  AC,  =  AB-^- 
BC,  is  known. 

Now  in  triangle -4.  C^,  from  trig- 
onometry, 


Fig. 


tan  l(h  —  a) 

tan  lih  4-  a) 
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But  (h  +  a)  :=se;  hence 

An prr 

tani(A-a)==-^^-p^tanJ(, (40) 

Then  K^  +  a)  +  i(h  —  a)  =  /*,  the  larger  angle,  and 
^{h  +  a)  —  i(h  —  a)  =  a,  the  smaller  angle.  AH  may  be 
found  by  the  law  of  sines,  or  by  drawing  CEi  perpendicular 
to  AB,  when 

AH'=-4(7cosa+ Cffcos/i (41) 

Example. —The  RC.  of  a  4*  curve  is  at  sta.  141  +  25,  and  it 
is  desired  to  reach  the  point  ^from  sta.  189  on  tangent. 

Suppose  H  be  assumed  to  fall  at  sta.  147  ;  the  curve  length  is 
Z  =  147  —  141.25  =  5.75  chaius.  Then  angle  e=  5.75  X  4  = 
23°  (y.  By  Table  IX  the  tangent  distance  for  a  V  curve  is 
Ti  ^  23^  =  1165.8  ft. 

By  (14a),  T  =  ^^^  =  291.45  ft. 

Now  AC  =  291.45  +  226  =  516.45  ft. 

and 

AC+CH=  516.45  +  291.45  =  807.90, 
while 

AC-  Off  =  225ft.; 
hence,  by  (40), 

tan  i(h  -  a)  =  -^^  x  0.20345  =  0.05666  =  tan  S*'  15'. 


Therefore 
and 


h  =  11**  30'  +  B"  15'  =  14-  45', 
a  =  ll"*  30'  -  3**  15'  =    8'  15'. 


By  (41), 

AH=  516.45  X  0.98965  +  291.45  X  0.96705  =  793.0  ft. 

At  A  deflect  8*  15'  from  tangent,  measure  793.0  ft.  and  set  a 
hub  ;  move  to  this  point,  backsight  to  A  and  defl^jct  14°  45'  into 
tangent,  then  trace  in  the  curve.  tzedbyV^OOgle 
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Second  Method. — If  Fy  any  assumed  point  in  tangent,  is 
visible  from  A,  AF  may  be  measured  by  some  indirect  method; 
tlien  AF—  AB  =  T,  The  tangent  for  a  V  curve  having  same 
intersection-angle,  KFO,  is  T,  =  ^  x  2> ;  find  this  value  of  T,  in 
Table  IX  and  take  out  the  corresponding  value  of  L  "With 
transit  at  F  deflect  the  angle  KFQ,  measure  FO  =  FB=  T,  and 
set  hub  at  0,  The  station  number  of  6^  is  found  by  dividing  the 
central  angle,  =  KFO,  by  the  degree  of  curve  2?.  Move  to  G  and 
trace  the  curve. 

Example.— Let  AF  measure  490.5  ft.  from  sta.  180  of  the  last 
example.  Then  AB  =  225  ft.,  and  BF=:  490.5  -  225  :=  265.5  ft. 
265.5  X  4  =  1062  ft.,  which  by  Table  IX  is  the  value  of  Tx  for 
J=  2V.  Set  transit  at  F,  deflect  21%  and  measure  FG  =  265.5  ft. 


X  =  -7-=  5.25  cliains; 

4 


hence  G^will  fall  at  141.25 -f  5.25  =  sta.  146  +  50.    Move  to  Q 
and  run  the  curve  both  ways. 

Third  Method.— In  Fig.  28  let  the  inaccessible  P.  (7.  be  at  B, 
and  let  it  be  required  to  reach  E  from  a  point  C  on  the  curve 
prolonged  backwards  from  B, 

At  a  given  point  A  on  tangent  cal- 
culate the  tangent  offset  by  (36)  or 
the  methods  of  96,  then  set  this  off  at 
right  angles  to  AB ;  set  the  transit  at 
C  and  turn  off  ACL  =  90«  -  COB, 
when  the  telescope  will  be  in  tangent 
at  C,  COB  may  be  found  from  Table 
IX  by  multiplying  AC  by  the  degree 
of  curve  and  taking  hulf  the  intersec- 
tion-angle corresponding  to  the  mid- 
ordinate  that  equals  this  product.  Now  deflect  and  measure 
ECL,  then  by  (16)  or  (16a)  calculate  CE,  which  measure.  Move 
to  E  and  deflect  LEC  =  ECL  and  the  telescope  will  be  in 
tangent.  The  central  angle  BOE  =  ^LEC  —  BOC,  from  which 
the  arc  BJSTand  number  of  sta.  ^may  be  found. 

ExAMPiiB. — Take  the  same  example  as  in  the  last  two  pases. 
A  is  at  sta.  139,  B  at  141  -f  25;  hence  AB  =  2.25  stations. 

By  (86).        f  =  ^(7  =  }  X  (2.25)«  X  4  =D|'3^.^^S.OOgk 


Fio.  28. 


LOCATION, 


71 


Or  by  Table  IX  the  angle  corresponding  to  the  long  chord 

(2  X  2.25)  X  4  =  1800  ft  is  18"  4',  for  which  the  mid-ordinate  is 

71  06 
71.06  ft.    For  our  4*  curve  the  mid-ordiuate  will  be  -~—  =  17.77 

ft.,  which  equals  AC  and  agrees  closely  enough  with  the  value 
for  9  above. 

Make  angle  ^^(7=90^  and  measure  ^(7  =  17.72  ft.  Move 
to  C  and  sight  to  A,  then  make  angle  ACL  =  90°  —  (O**  2*)  = 
SO**  58'.  Suppose  an  angle  LGE  =  16**  1'  to  clear  the  obstacle- 
By  formula  (16), 

GE  =  2fi  sin  (16*  1')  =  2  X  1432.7  X  0.27592  =  790.6  ft. 

Measure  along  GE  790.6  ft.  and  set  a  hub;  'move  to  E  and  run 
the  curve. 

CE  might  have  been  found  by  means  of  Table  IX,  for  the  long 
chord  of  a  r  curve  having  I  =  2LGE-S2^2^  is  3162.0  ft.; 
divide  this  by  4  and  there  results  GE  =  790.5  ft. 

104.  To  Pass  to  Tangent  when  the  P.T.  is  Inaccessible. 

This  is  just  the  reverse  of  the  preceding  problem,  and  may  be 
accomplished  by  reversing  the  processes  described  above. 

When  the  P.  21,  however,  falls  in  or  beyond  a  river  or  lake 
obstructing  the  ordinary  methods  of  indirect  measurement,  the 
case  merits  a  special  solution. 

FiRBT  Method  —In  Fig.  29  let  the  transit  be  at  A,  and  B  the 
P.T,      From    the    kuown  station 
numbers  of  A  and  B  the  length  of 
curve  and  angle  /  may  be  found; 
then,  by  (14).  AC  =  li  i&n  H  or, 

by(14«),^(7=?^J^. 

Move  to  C  and  deflect  the  angle 
/;  set  a  stake  F,  and  one  at  some 
other  accessible  point  E,  measure 
angle  EGF=e.  Move  to  ^  and 
measure  the  angle  EFG  and  the 
side  EF;  then  in  triangle  ECF 
angle  e  =  180'  -  (e  +/);  by  trigo- 
non^try 

sin  6 


Fig.  20. 
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Since  BC  —  AC,  there  results  BF=CF--  AC;  and  as  the  sta- 
tion number  at  J?  is  known,  that  at  F  becomes  known,  and  the  line 
may  be  continued. 

If  B  is  not  the  P.T.,  measure  back  the  distance  FB,  set  transit 
at  B,  and  continue  the  curve. 

Example.— Let  the  RT.  of  a  2**  C.L.  fall  at  sta.  205  +  60— an 
inaccessible  point;  suppose  A  at  sta.  200,  angle  e  =  40*",/=  80°, 
i^2^=  810  ft. 

Here  i  =  5.50  X  2  =  ir  0'.    and     «  =  eO*. 


551  74 
By  (14a).         r=  -^^  =^  275.87  ft. 


From  (42),  applying  logarithms. 


log  CF=  2.49136  +  9.93758  -  9.80807  =  2.62082. 


Whence  (72^  =  417.7  ft.  Then  BF=z  417.7  -  275.87  =  141.8  ft. ; 
therefore  the  number  of  F  will  be  206  +  91.8. 
Second  Method.— In  Fig.  30,  with  the  transit  at  any  point  A 
on  the  curve,  assume  a  long  chord  AB 
and  calculate  the  angle  CAB;  deflect 
this  angle  from  the  tangent  AC^  and  set 
a  point  ^beyond  obstruction;  set  also 
a  stake  at  C  in  tangent. 

Move  to  E  and  measure  A  EG  and 
side  EC,  Compute  AE  from  the  trian- 
gle AEC  If  this  is  greater  or  less 
than  the  length  of  the  long  chord  AB, 
take  their  difference  BE  and  set  a  hub 
at  B.  With  the  transit  at  B  trace  out 
the  curve. 

Example. — Given  A  at  sta.  210  of  a 

8°   C.  L.,  angle  a  =  12^  b  =  92%  EC 

=  181  ft.     Then  c  =  76".  and  by  solving 

By  Table  IX  the  long  chord  of 


Fio.  30. 
the  ti-iangle  AEC,  AE=  844.7  ft. 
a  1**  curve  for  /=  24**  is  2382.6  ft. ;  therefore  AB  = 


2382.6 


3 

ft.    Now  will  EB  =  844.7  -  794.2  =  60.5  ft.,  which  is 
tance  along  EA  that  transit  must  be  moved  back  from  ^, 


=  794.2 
the  diS' 
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106.  Given  th«  Perpendicular  p  from  a  Point  to  a  Tangent, 
to  Find  the  Point  on  Tangent  at  whi<^  to  Begin  a  Curve  of 
Given  Radina  which  will  Pass  through  the  CMven  Potet 

First  Solution.— In  Fig.  31  let  P  be  the  point,  .BPthe  per- 
pendicular.     We    have   to   find 
BA  =x. 

From  P  draw  PC  parallel  to 
AB ;  then  in  triangle  OPO 

iP  =  ir*  +  (i?  -  py. 

From  which 


X  =  i^2Rp  -  p«.     .    (43) 

Second  Solution.— Consider 
p  =  AC  as  the  mid -ordinate  for 
a  long  chord  =  2x :  then  pxD 
=  the  mid-ordinate  for  a  1*  curve 
for  a  central  angle  equal  2a. 
The  cowesponding  long  chord  may  be  taken  from  Table  IX. 
Then 


Fig.  81. 


(43a) 


ExAiiPLB.— Given  p  =  30  ft.,  2>  =  4*  (i?  =  1433. 7X  to  find  x. 


By  (48).         X  =  V85.963  -  900  =  291.65  feet. 
By  the  second  method, 

80  X  4  =  120, 


the  mid-ordinate  for  a  1"  curve  corresponding  to  an  angle  of 
23**  29',  for  which  the  long  chord  is  2332.6.    Now.  by  (43a), 


^A^'-i 


1.6 


=  291.6  feet. 


106.  In  Fig.  31,  Given  x  and  p  to  Find  the  Radins  of  a 
Onrve  Tangent  to  AB  at  A  and  Passing  through  P. 


From  (48), 


R 
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107.  Giv«n  the  Looation  of  «  Point  P  referred  to  the  P./. 
to  Find  the  Reditui  of  a  Ounre  through  P  which  will  Unite 
the  OiTen  Tangents.    . 


Fio.  SSL 

In  Fig.  82  suppose  BG  =  Z,  BP  =  m  knowD,  and  angle  a  cal- 
culated ;  or  PC  and  a  may  be  measured  on  the  field. 
From  triangle  GAO, 

&  =  gc*  -  (a  +  J/),    and    CO  =  i?seci/. 

Now  from  triangle  PGO, 

sin  y  =  pg  sin  b. 


Inserting  values  of  PO  and  GO, 

,           JB  sec  J/     .    .             ,  7     .    .        sin  &  ,.^^ 

sin  y  = ^       .  sm  0  =  sec  4i .  sin  &  = tt^,  .    (45) 

iJ                            ■                  cos  J/  ' 

an  equation  from  wbich  the  unknown  R  has  disappeared.  Next, 
from  the  same  triangle,  since  x  =  180°  —  (ft  +  y), 


sin  X 


(«) 


When  J=  90°,  it  can  easily  be  sliown  that 

iJ  =  J  +  «»  +  V2toi.  „,,,,, Google  •    (47) 
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lOS.  To  Iiooftto  a  Tangent  to  a  Ounre  from  an  Ontaide 
Point. 
FiBBT  Method.— Id  Fig.  33  let  P  be  the  point  and  AHB  the 


curve.  Run  a  trial-line  PA  cutting  the  curve  in  ^  and  £. 
Measure  PA  and  AB ;  or  measure  PA  and  angle  a  between  the 
chord  AB  and  tangent  AL,    Then 

AB  =  %AC  =  2R  sin  a, 
00—  R  cos  a. 


By  geometry,  PE  =  VPA  X  PB,  PE  being  the  required  tan- 
gent   From  the  figure, 

'  CO 

taun=g^ 


tan  m  = 


PE' 


At  P  deflect  the  angle  I  =  m—  n  from  PA  and  run  the  tangent. 
Second  Method.— In  Table  IX  find  the  long  chord  for  a 
central  angle  2a  ;  then 


^5  =  2^(7  = 


x.a, 


on  = 


Mx 


and  CO^B-  OH. 

We  may  now  proceed  as  before. 
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109.  To  Run  a  Tangent  to  Two  Iiocated  Omtnrm  of  Oonftrary 
Flexure. 

First  Case.— Id  Fig.  34  let  FK  and  LE  be  the  curriOB,  and 
KL  =  p  measured  on  the  ground. 


Fig.  34. 

Let  FE=^  t  be  the  required  tangent. 

Draw  OiH  parallel  and  O^H  perpendicular  to-P!^;  from  the 
triangle  OiHO^ ,  since  FH  =  Bi , 


whence 


t  =  i/2(i?x  +  Ii^)P  +!>•. 


(48) 


Also, 


cos  a  = 


Bi  +  Bt+p' 


(49) 


The  arcs  FK  and  LE  may  be  found  from  tbc  angle  a  and  the 
known  curvatures,  after  which  the  points  jP*  and  E  may  be  set. 

If  t  is  given  and  p  required,  it  may  easily  be  found  from  (48). 

Second  Case,    p  not  known. 

Set  the  transit  at  a  point  A  on  one  curve  and  note  the  bearing 
of  the  taugent  to  the  curve  at  that  point  (see  Fig.  34);  the  bearing 
of  the  radius  O^A  differs  from  this  by  90^  Run  a  line  ABC  of 
one  or  more  courses  to  intersect  tbe  other  curve  at  0,  Note  the 
bearings  and  lengths  of  these  courses  aud  the  bearing  in  tangent 
at  (7,  from  which  calculate  the  bearing  of  C0|.  Bx  and  i?j  being 
known,  the  latitudes  aud  departures  are  next  calculate^   Let  OjiV 
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be  the  sum  of  the  northings  or  southings,  Oii^thesumof  the 
eastings  or  westings ;  from  the  triangle  Oi  OiN, 


tSLUb  = 


0,N 


and 


OtN' 

0x0^  =  Voji^  +  o^. 


As  before,  FE  is  the  required  tangent  and  OsET  perpendicular, 
while  Oi^  is  parallel  thereto. 


cosa  = 


i?i  +  i?« 
0,0,    * 


Angle  FOiN^h-^a  is  the  bearing  of  Oai?;  while  AO^F^ 
c  —  h-^-a  is  the  angle  of  retreat  from  the  known  point  -4  to  J?*, 
where  the  tangent  may  be  run.    The  length  of  ^  =  OiHya 

t=  OjOiSina. 


D,  Change  of  Location, 

110.  To  liocate  a  Ounre  Parallel  to  a  Qiven  Curve. 

Let  p  be  the  perpendicular  between  parallel  tangents,  and  sup- 
pose ABC  located  (see  Fig.  85). 
If  there  are  no  restrictions  as  to  the 
position  of  the  points  E,  F,  and  G 
on  the  second  curve,  we  may  cal- 
culate the  new  degree  of  curve  2>i 
for  a  radius  Ri  =  R  -{-  p,  by  (13), 
and  trace  the  curve  from  any 
point,  as  E.    Thus 

,     ,^       50         50 

If,  however,  points  on  the  radii 
through  A,  B,  and  G  are  wanted, 
they  are  gotten  by  using  the  same  degree  of  curve  D  and  com- 
puting the  length  of  chord  FE,    From  similar  triangles, 

JJ^     —      Jf     -"       ^'       tized  by  Google 
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whence 


Had  EFO  been  the  located  curve,  with  radius  B,  we  should 
have  had 


^P  =  100 


R^p 


(51) 


111.  To  Change  the  P.C.  of  a  Looated  Curve  so  that  P,T. 
will  Fall  in  a  OiTen  Tangent  Parallel  to  Terminal  Tangent  of 

Looated  Curve. 

Let  AB,  Fig.  86,  be  the  lo- 
cated curve ;  FE,  the  tangent 
in  which  the  P,T,  must  fall. 

Let  the  distance  between  tan- 
gents be  HE  =  p. 

Draw  BE  and  OCT  parallel  to 
AF\  evidently  ACtr^OO'^BE, 
O  being  the  new  position  of 
center. 


In  triangle  BEE, 


BE^AC^  -/-,  =  p cosec  J. 
sin/     ^ 


Set  the  new  P.  0.  by  measurement  from  A,  and  run  the  curve 
CE,  ksi-^  system  of  straight  lines  and  curves  may  be  treated  as 
above,  proTided  1  is  the  angle  between  initial  and  terminal 
tangents  and  p  as  before. 

ExAMPLB.~A  located  2°  80'  curve,  having  /  =  25*,  ends  in  a 
tangent  25  ft.  outside  of  desired  tangent,  find  the  change  in 
position  of  P.  C. 


By< 


ilC7  =  25  X  2.36620  =  69.16dft.GoogIe 
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112.  To  Find  the  Change  in  Radint  and  Poaition  of  P.O.  if 
P.T.  is  Required  to  fall  on  the  same  Radial  Une  but  on  a 
Tangent  distant  p  from,  and  parallel  to,  Terminal  Tangent  to 
XflOcated  Curve. 

In  Fig.  87  let  AB  be  the  located  and  CB  the  required  cuife. 
Draw  the  parallel  chords  AB  and 

CE.  DrawCfl^and^^perpendlcular   -A^^ C^< L 

UiAB,  The  angles  FBiy=C4ir=  J/ 

Prom  the  figure, 

CH=  ACsm\I, 
BF-  BE  COB  i/  =  p  COS  iZ 
Equating,  p 

AOda  |Js  p  COS  ^I, 
whence  Fia.  87. 

AO==pcoHL (68) 

In  the  triangle  OPOt,  OiP  =  AC,  0P=  B --  Bi»  and 

{B  —  Bi)UuiIssAC  =  p  cot  JJ, 
or  B-  Bi=  AC  cot  I=p  cot  J/,  cot  L 

Therefore 

-B.  =:i2-^acot  J=^-pcotJJ.cot/.  .    .    (54) 
From  trigonometiy, 

_ .  ,  -.        sin  J  _        ^  -      cos  / 

cot  J/= ; .    and    cot  /  =  -. — ^ 

■       1  —  cos  /  sin  r 


Inserting  these  values  in  (54)  gives 


Bt^B-p. 


sin/       

1  —  cos  /  *  sin  i 


From  trigonometry,         ex  sec  J  = 
••.  -8^  =  -B  - 


vers/ 
cos/* 

P 


ex  sec 
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£XAHPLB.«-A  H""  W  cnrve  strikes  25  ft.  inside  a  tangent  in 
which  the  P,  T.  must  fall.  Find  the  necessary  change  in  radius 
and  position  of  RC.  when  I  =  85®. 

By  (53)  the  change  in  P.  C,  is 

^C  =  26  X  4.51071  =  112.77  ft. 
By  (54').  i?«  =  2292.01  -  -^  =  2050.38  ft. 

By  Table  I  we  find  this  to  be  the  radius  of  a  2'  47'  41"  curve. 

113.  Given   a  Located   Curve  uniting   Two  Tangents  to 
Find  the  Change  in  Position  of  P.  (7.  or  in  Radius  for  a  Given 
Change  in  the  Intersection-angle. 
First  Case. — Badius  unchanged. 

In  Fig.  38  let  BCE  =  J  be  the  origi- 
nal intersection-angle,  FCE  =  /'  the 
new  angle.    From  the  figure, 
AG  =  AC  -  GC, 

or 

AG  =  R  (tan  JJ  -  tan  Ji').    (55) 

By  Table  IX. —From  the  table,  foi 
angle  /, 

D 
Fio.  88.  For  /' 

Then  AG^T-V. 

Second  Case.— P.O.  unchanged. 

Here  the  tangent  T  for  the  two  curves  is  the  same,  and 
therefore 

i?,  tanj/' =  i?tan  J/; 

Whence  «i  =  -B  tan  JJ.  e^+J^.QoQsk   .      (56> 
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By  Table  IX, 

"       D  D~' 

whence  2).  =  ZLlil' .  2>  =  ^^ 

1 14.  To  Find  the  Change  in  2?  and  P.  C.  for  a  Gi^en  Change 
in  /,  the  P,T,  remaining  unchanged 


/O, 
Fig.  89. 
In  Fig.  89,  from  the  triangles  OBG  and  OiBE, 
00-  B coal 

and  0,JJ=  i?,  cos/,. 

Now  QA  =  EF;  hence 

i?i  -  2?i  cos  /,  =  ^  —  i?  cos  /. 
Whence 

7?  —  pi  -  cos  J  vers  J  ^^^ 

1  -  cos  /,  vers  Ix        •    •    •    •    V"'; 

Also,  FA  =  HO  z=  BE-  BO. 

Inserting  values  of  ^j?and  BO,  there  results 

FA  =  Bi  sin  /,  -  i?  sin  /. (58) 

116.  GiTen  a  Located  Curve  to  Find  the  Change  in  B  for 
a  Given  Change  in  I^,  /  remaining  unchanged. 
In   Fig.    40,    from    the    triangles    OAC    and    OiEC,    since 

EA^BC^AO,  Digitized  by  Goo 
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Si  tan  i/-  -Btan  J/=  EA  =  T'  -  T. 
Whence  B*  =  S+{T'  -  T)coHI. 


•       ^ 

^                   0 

y 

(») 


FlO.  40. 

By  Table  IX.— ^^  being  known,  2"  =  r+  EA.    Then,  by 

(160), 

■''•  —  — y' — * 

If  the  change  in  vertex  of  curve  is  wanted,  there  results,  from 
(25). 

J^  =  C(7  =  rtan  \I,      E'  =  CH  =  T'  Um  il. 
Therefore        QE  =  E'  -  E  =  (T'  -  T)  tan  iZ     .    .    .    (60) 

OH  cB,n  be  found  from  Table  IX  after  finding  Di  as  above. 
If  Ri  is  given  and  EA  wanted,  (59)  yields 

EA=T'  ^T^(Bx--B) tan ^7. 

116.  To  Find  the  Radius  of  a  Curve  having  the  Same  P.  C. 
as  a  Qiven  Ourve,  but  ending  in 
a  Parallel  Tangent. 

In  Fig.  41  let  the  perpendicular 
distance  between  tangents  be  p,  and 
AB  be  the  located  curve;  AOi  =  Ri 
is  required. 

First  Method.  —  Draw  OH  &i 
right  angles  to  OiE;  then 

OiE=  0,H^HO+OE, 
or 

i2,  =  (i?,  -  i?)  cos  /+  5  +  p.. 


Fio.  41. 
From  which    Rx=  R  + 
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Second  Mbthod.— ^,  B,  and  E  lie  on  the  same  straight  line, 
since  /  is  the  same  for  both  curycs.  In  triangle  BGE  angle 
MBO  =  i/,  and 


SS=^£ji-P<^oueciL 


From  Table  IX,     AB  =  h2l^Jl, 


AE  =  AB  +  BE  is  the  long  chord  for  curve  of  degree  Di; 
therefore 


If  desired,  B  may  be  found  by  (la*)  or  Table  I. 
Tbibd  Method.— Draw  FL  parallel  to  OiE;  then 


^^=sll7=^^«^^- 


From  Table  IX,      AO  =  =^y-- 


AF=  A0+  OF,  the  tangent  distance  for  second  curve ;  hence 


2>,=- 


AF 


Hbmark. — If  transit  is  set  up  at  B^  it  will  l)e  well  to  set  E 
by  measurement  from  B,  to  serve  as  a  check  when  the  curve  is 
run  in  from  A, 
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Article  9.    Compound  Curves. 
A.  Location  Problems, 

117.  Given  Two  Unequal  Tangents,  their  Interaection-angle,^ 
and  One  Radius,  to  Find  the  Other  Radius  of  a  Oompound 
Curve  uniting  Tangents. 

In  Fig.  42,  AH=  T,  and  BH=  Tt  are  the  known  tangents, 
AOi  =  Bi  the  known  radius.  BO^  =  i?a  and  the  angles  /i  and  ik 
must  be  found  before  curve  can  be  located. 


FiG.4:& 


Extend  first  branch  to  F,  so  that  tangent  FL  is  parallel  to  BH, 
Draw  HK  and  BG  perpendicular  to  FL ;  draw  FB  and  extend 

to  ^;  it  will  pass  through  the  P.C.C,  because  the  central  angles 

^Oii'^  and  EOiB  are  equal.    Then 

To  :=  AL  z=  Bi  tsu  iL 
In  triangle  LHK,  since  LH=  To—  Ti, 
s  =  KL  =  {To''  Ti)cosl 
p  =  HK=:BO  =  (To-Tx)  sin  /. 
Now  in  tiiangle  BOF&ng\e  BFO  =  Ka,  and 

^  =  -Pa  =  T,  +  «  -  ^gbvGoogle 
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tanl/,  =  ? (63) 

Draw  Osif  parallel  to  FL  ;  then 

whence 

i?.-=-B. --r^=-B.-icowc/,.     .    .    (68) 
8in  1% 

Had  Bi  heen  required,  the  equation  would  hare  heen 

5,  =  iJ,  +  icoeec/«. 

Evidently,  /i  =  J  —  J^ 

In  the  field  the  points  p  and  B  may  be  located  by  running  in 
the  curve  from  A  as  starting-point,  or  run  the  chord 

^iP-^  25,  sin  4/ 

from  A,  and  at  ^deflect  angle  AFB  —  \I—  \U  =  \I\ ,  measure 
FB  =  I  sec  \U  and  5^  =  2i?a  sin  i/,. 

Example. 'A  2*  curve  has  the  P.(7.  at  sta.  110,  Tx  =  590  ft., 
T%  =  511.8  ft.,  /  =  30'*  50'.     Locate  the  curve. 

By  Tkble  IX,  T.  =  1580/2  =  790  ft. 

By  formulas  above, 

«  =  200  X  0.85866  =  171.78  ft, 
p  5=  200  X  0.51254  =  102.51  ft., 
i  =  790  +  171.73  -  511.8  =  449.93, 

tan  \h  =  ijl^  =  0.22784  =  tan  12*'  50'. 

Then  U  =  30'  50'  -  25**  40'  =  5*  10^. 

449.97 


i?a  =  2864.93  - 


.43313  D  g  t  zed  by  Google 
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By  Table  I  this  is  seen  to  be  the  radius  of  a  3"  7i'  curve. 

The  length  of  first  branch  is  258.3  feet,  and  of  the  second  821.3 
feet;  hence  the  P. (7. (7.  falls  at  112  +  58.3,  while  the  P.T,  is  at 
sta.  120  +  79.6. 

118.  aiven  the  Long  Chord  from  P.C7.  to  P.T,  of  a  Com- 
ponnd  Ourve,  the  Angles  it  makes  with  the  Tangents  and 
One  Radius,  to  Find  the  Other  Radios  and  the  Central  Angles. 

In  Fig.  42  AB  is  known,  as  also  the  angles  HAB  =  a  and 
S&J.  =  b.  Two  angles  and  one  side  of  tHe  triangle  HAB  are 
known,  and  the  sides  UA  =  Ti  and  EB  =  Tt  may  be  found, 
after  which  the  solution  is  the  same  aa  in  the  last  problem^ 

A  solution  may  be  reached  in  a  different  manner.  /  =  a  +  b, 
HAF  =\I=  \{a  4-  b),  and  BAF  =  \(a  +  ft)  -  a  =  i{&  -  a), 
AF  =  2Ri  sin  J/.  In  triangle  BAF  two  sides  and  the  included 
angle  are  now  known,  so  BF  and  angle  BFA  may  be  found; 
GFB  =  i/a  =  K  -  BFA. 

Then  EF  =  2i?,  sin  J/a , 


and 


Then 


whence 


EB  —  EF"  Pi?' becomes  known. 
EB  =  2P,  sin  J/,  =  2Pi  shi  J/«  -  ^^> 
BF 


P»  =  Pi  — 


Evidently  Ii  z=:  I  -  J^ 


2sini/,' 


(W) 


119.  Given  the  Radii  and  Central  Angles  of  a  Componnd 
Curve  to  Find  the  Tangent  Lengths,  the  Long  Chord  from 
RC.  to  F.T.,  and  the  Angles  it  makes  with  Tangents. 

In  Fig.  43  draw  AE  and  BE  from  the 
P.a  and  P.T.  to  the  P.C.C,  then 
calculate  AE  and  BE  by  (16)  or  by 
Table  IX.  In  triangle  AEB  angle 
AEB  =  180  -  i(/,  4-  /a).  Two  sides 
and  the  included  angle  being  known, 
the  triangle  AEB  may  be  solved  for 
AB  and  the  angles  ABE  and  BAE; 
then 

BAF  =  BAE  +  ill, 

''«». «.  ABF  =  ABE  +  iU 

The  angle  AFB  of  triangle  ABF  now  becomes  known  and,  as 
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AB  is  known,  the  sides  .^17=  Ti  and  BF=:  Tt  may  be  com- 
puted. 

120.  Given  the  Long  Chord  from  P.C.  to  P.T.  of  a  Com- 
pound Curve  and  the  Angles  it  makes  with  Tangents  to 
Find  the  Radii  when  the  Common  Tangent  is  Parallel  to  Iiong 
Chord. 

In  Fig.  43  let  GHhe  parallel  to  AB,  and  OAB  =  a,  HBA  =  b 
known.    Then 

BAJS  =  BAG  =  OEA  =  Ja, 

and  ABE  =  BBH  =  EBB  =  Jft. 

Also,  ABB  =  ISC'*  -  J(a  +  6). 

In  triangle  ABB,  remembering  that 

sin  [190  -  i(a  +  6)]  =  8in  Ka  +  *)• 

J^  sin  id 


ABzz: 


^nUa  +  by 


and 


^^""siniCa  +  V 

Since  AOiE  =  a  and  ^Oa5  =  b,  the  radii  Ui  and  Bt  may  be 
found  from  formula  (16),  or  (16a). 

-r>    .^«^        T.        i^^  ^5  sin  45 

By  (16),      Bi  =  f-T-  =  ir-:-! .    J    ,  ,v.     ...    (65) 

•^  ^    "  sin  Ja      2  sm  {a .  sin  J(a  +  b)  ^    ^ 

_  iBE  AB  sin  ja 

^*  ■"  sin  i*  ~  2  sin  15  .  sin  l(a  +  5)*     '    *    '    ^''"^ 

ExAHFLB.— Required  Bi  and  i?9 ,  or  Di  and  i>a ,  when  AB  = 
900  feet,  a  =  12%  b  =  15'. 

By  (65),  -Bi  =  2407.0  ft. 

By  (66),  J?,  =  1543.7  ft. 

Digitized  by  Vj005lC 

From  Table  I.    D^  =  2^*  22'  50"    and    D,  =  3**  42'  44". 
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B.  Obstachs. 

121.  To  Ijocate  a  Point  on  vne  Second  Branch  of  a  Oom- 
ponnd  Curve  when  the  P,C,G,  is  Inaccessible. 

Ordinarily  the  second  branch  is  located  by  setting  transit  at  the 
P.C.C  and  running  the  curve  from  that  point.  An  obstacle  on. 
either  curve  may  then  be  passed  by  the  methods  given  for  simple 
curves. 

When  the  P.  C,  C.  is  inaccessible, 
/^P  locate  the  first  branch  from  the  P.  (7. 

and  the  second  branch  from  the 
P.  T.,  if  this  latter  point  is  known. 
When  this  is  not  the  case  proceed 
by  one  of  the  following  methods: 
FiBST.  By  means  of  a  long 
chord. 

In  Fig.  44  let  E  be  the  PC.  C, 
A  some   known    point  on    first 
branch,  EF  a  tangent  at  E,  and 
AB  parallel  to  FE,    The  station 
Fio.  44.  numbers    of    A    and    E    being 

known,  the  arc  AE  and  angle  a 
are  readily  found  ;  then 


^L  =  i?a  vers  ft  =  /?,  vers  a, 


whence 


next, 


vers  6  = 


Rx  vers  a 
B.      ' 


(67) 


EL  = 


AB  =  i?i  sin  a  -f  i?a  sm  6 (68) 

Deflect  FAB  =  a  from  tangent  at  A  \  measure  out  AB ;  set  the 
transit  at  B  and  locate  the  second  branch. 

By  Table  IX.  —Take  the  mid-ordinate  in  table  for  an  Inter- 
section-angle 2a  ;  then 

_  JIf,  ^2a 

Then  EL  x  A  is  the  mid-ordinate  for  a  1'  curve  having 
J  =  26,  from  which  h  becomes  known.  From  the  table  now  find 
AL  and  LB,  the  half-chords  for  angles  2a  and  26,  and  proceed  as 
before.     . 

Second  Method. — By  meant  of  tangenU, 
'^om  Fig.  44,         AF=FE::^  R,  tan  \a.     ,,„ed by Google 
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Set  traDsit  at  F,  deflect  OFE  =  a,  and  bj  some  indirect  method 
measure  to  an  accessible  point  H. 

EH=FH''FB, 
and 

EH 
tan  id  =  -^-,  from  formula  (14). 

Angle  b  is  now  known  and  equals  OHE,  which  deflect  from 
EH'f  then  measure  HB  =  EH,  and  with  transit  at  B  locate  the 
second  branch  of  curve. 

Ob  by  Table  IX.— Find  AF  =  FE,  the  tangent  distance  for 
/  =  a;  then  having  iZTZf  measured,  take  T\  =  SB  X  2>a  and  find 
the  corresponding  angle,  which  equals  b  ;  then  proceed  to  locate 
curve  as  above. 

Example.— Let  ^  be  at  sta.  12«,  P.  (7.  (7.  at  128  +  25;  the  degree 
of  first  branch  4**,  and  of  second  6°. 

By  the  first  method  EL  =  17.685  for  a  ^  0%  and  b  =  ll**  2'. 
nearly.  AL  =  224.1  ft.,  BL  =  182.75  ft.,  and  therefore  AB  = 
406.85  ft.  Angle  b—\V^  corresponds  to  188.9  ft.  around  6' 
curve;  hence  the  P,T.  number  is  180  +  08.9. 

By  the  second  method  AF  =  112.74  ft.  Suppose  FH  =  264  ft., 
then  EH=  151.26  ft,  which  multiplied  by  6  gives  907.56  ft., 
cori-esponding  to  7=18",  The  arc  EB  is  now  300  ft.,  making 
B  fan  at  sta.  131  +  26. 


C.    Chtmge  of  Loc^j^Hm^ 

122.  Having  a  Simple  Curve  Located  to  Find  the  P.  C.C.  so 
that  a  Onrvd  of  Given  Radius  shall  connect  with  a  Given 
Tangent    Parallel    to    Tangent    to 
Located  Curve. 

Let  NAB,  Fig.  45,  be  the  located 
curve,  HF  the  tangent  in  which  the 
second  branch  must  end.  The  dis- 
tance BG  =  p  between  tangents  is 
known  from  measurement.  If  angle 
a  can  be  found,  the  arc  BA  l)ecomes 
known  and  the  point  A  can  be  located 
from  B.  Draw  O^L  from  the  center 
of  second  branch  perpendicular  to 
^<»-«-  OxB.     In    triangle    OiOaZ,    OiO,  = 

Ri  -  B%,  ftnd  OiL  ^  iJ,  -  (i?,  +  p) ;  therefore  Google 


90       A  FIBLD-MAKUAL  FOB  BAILBOAD  EKQIKEEBS. 


Then  a  divided  by  2>i  gives  arc  BA. 

If  desired,  BHmtij  be  found  from  the  right  triangle  BMQ,  in 
which  the  side  BO  =  p  and  angle  OHB  =  |a  are  known— 
A,  H,  and  B  lying  in  the  same  straight  line ;  then 


BR=  .,_  ,.  =  p  cosec  ia. 


m 


Or  BA  and  .51^  may  be  found  from  Table  IX,  after  which 
BH^BA'-HA. 

ExAMPLB. — A  8*"  curve  ends  in  a  tangent  at  sta.  160  +  50, 
85  ft.  outside  of  desired  tangent.  Find  the  point  of  compound- 
ing with  a  4*  50'  curve. 

From  Table  I,  E  for  8"*  curve  equals  1910.08  ft.,  and  for 
4*^  50'  curve  1185.78  ft. 

Then,  by  (69),   cos  a  =  1  -  ^^^  =  0.95168. 

From  table  of  cosines  angle  a  is  found  to  be  17**  53'.  Dividing 
this  by  3  gives  5.961  stations  for  the  arc  BA.  Hence  the  P.C.O. 
number  is  160.50  -  5.961  =  sta.  154  +  58.9,  and  the  new  P.T,  is 
at  sta.  158  +  28.9. 

123.   Given   a   Located   0<»nponnd    Cnnre    ending   in  a 
Tangent  Parallel  to,  and  a  Given  Distance  from,  a  Tangent 
in  which  the  Curve  is  required  to  end.     To  Find  thei  Neces- 
sary Change  in  P.  C,  C. 
FiBST  Casb. — Terminal  branch  having  shorter  raditu. 

In  Fig.  46  let  ABC  be  the  located 
curve,  AEF  the  one  required  ;  angle 
BOiC=  a  known,  and  also  JfJIT  =  p. 

If  angle  EOM  =  b  can  be  found,  the 
angle  of  retreat  from  B  to  E  will  equal 
b  —  a. 

Draw  0/K  and  OtL  perpendicular 
to  Oi^,  which  is  parallel  to  Oi(7. 


Fia.46. 


Then    OK={B'-  Ri)  cos  b, 
OL  =  (i?-- 22,)  cos  a. 
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Now  ZJf  =  JB,  -  JTi:  =  i?i  -  MN,  from  which  KL  =  MNtsp. 
Hence 

-   {fi  —  Bi)  cos  6  =  (5  -  -Bi)  cos  a  -  p. 
From  whidi 

cos  6  =  cos  a  —  p  ^  p. (71) 

i¥  —   ill 

Ditide  6  —  a  by  D,  the  curvature  of  first  branch,  and  move 
l)ack  that  number  of  stations  from  B  to  the  new  P.CG.  at  E, 

Join  O^Oi';  evidently  F€  =  0,0/,  and  angle  JSTO/O,  =  OFB; 
OOi'Oi  =  W  -  J(6  -  a),  OOi'K^  90*  -  6.    Hence 

OTT9  =  JTO/O,  =  [90  -  K*  -  «)]  -  (90  -  6)  =  i(&  +  »)•    (73) 

From  triangle  CQF, 

Or,  from  triangle  00,'0, , 

FC  =  0,'0,  =  2(B  "  Bi)  sin  K*  -  a). 

Had  ^i72^  been  the  original  curve,  h  would  have  been  known 
and  a  required. 

Prom'  (71),  cos  a  =  cos  6  +  ^~g~-  •    •    •    •    •    (74) 

Ci^ and  angle  CFMnre  given  by  formulas  (73)  and  (72). 

ExAMFLB.-^A  2**  curve  compounds ,  with  a  4**  curve  at  sta. 
82  -I-  30;  o  =  20"  30',  p  =  40  feet.  Find  number  of  new  P.0,0. 
and  distance  between  P.  2ls. 

40 
Prom  (71),  cos  b  =  0.98667  -  2864.9  -1432.7  =  ^'^^^ 

This  yields  5  =  24*  40^.  and  5  -  a  =  4*  10'. 

A  1  Aft 

The  change  in  P.aO.  is  -^  =  2.0^  stations;  the  P.0.0. 
number  is  therefore  82.30  -^  2.083  «  sta.  ^,±^^^00]^ 
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CFO  =  iCWMC  +  20*  JW)  =  22*  36'. 
-FU  =  40  X  2.60899  =  104.2  feet. 


By  (TO), 
By  (78), 


Second  Ca8E.~7!^  terminal  branch  having  longer  radius. 
Let  CAB,  Fig.  47,  be  the  located 
curve  with  P.O.C.  at  A,  and  let 
^JT  be  the  tangent  in  which  the 
curve  is  required  to  end. 

The  distance  BK  =  p,  the  radii 
OA  =  iJ,  Oiud  =  i?, ,  and  angle 
AOiB  =  a  being  known,  it  will 
be  sufficient  to  find  angle  EOi'F 
I  in  order  to  get  the  angle  of  ad- 
vance, AOE^a  —  b,  Draw  OL 
and  OiN  perpendicular  to  Oi'F 
and    OiB.      From    the   triangles 


Fis.  47. 
Oi'OJf  and  OtOL, 


But 


Whence 


(Bi  -  jR)  cos  &  =  OiN+{Bi  -  22)  cos  a. 
Oi' JIT  =  KB  =  p ;  therefore 

(i?,  -i2)cofl&  =  p  +  (i?i  -i?)cosa. 


cos  d  =  COS  a  + 


Bx-B' 


(75) 


Then  — =r-  will  be  length  of  curve  from  ^  to  i7. 


Angle  KFB  =  NO^O,'  =  OOxOx'  -  iTO.O. 
But  OOiO,'  =  90'  -  J(a  -  6)    and    IfOiO  =  90  -  a. 

•.    ITi^^  =  [OO**  -  J(a  -  &)]  -  [90  -  a]  ^  i(«  +  *)• 
From  triangle  KFB, 


FB  = 


_P _ 


p .  cosec  l(a  +  b). 


sin  }((»+&) 
Or,  from  triangle  0x00/ ,  since  0,0,'  =  2^-^, 

FB  =  2(R.  .-  i?)  sin  4(c»  -  ft).  ,,,,,,GoogI'e 


(76) 
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If  ^^2^  had  been  the  located  curve,  b  would  hare  been  ghren 
And  a  required.     From  formula  i(75). 


cos  a  =  cos  b  — 


Bt'-Ii' 


(77) 


Example.— A  5**  curve  compounds  at  sta.  60  with  a  2°  curve, 
and  the  RT,  is  at  sta.  80.  What  will  be  the  number  of  RCC, 
if  the  P.  T,  fall  in  a  tangent  81  feet  inside  of  terminal  tangent? 
Here  a  =  40^ 


By  (75),        cos  6  =  0.76604  +  j^  =  0.81316. 


Hence  b  =  85*  36'  and  a  -  d  =  4*  24'.  corresponding  to  88  feet 
around  the. 5"  curve.  The  number  of  the  new  R  Q, Oa  is  therefore 
60  +  88.       ' 

angle  KFB  =  1(40**  0'  +  35**  36')  =  37'  48', 


and 


FB^^XX  1.68157  =  132.16  feet. 


124.  Given  a  Iiocated  Oomponnd  Ourre  to  Find  Necetaary 
Change  in  P,C.C.  and  Radios  of  Second  Branch  to  mak«  the 
P.T,  fall  in  a  Tangent  Parallel  to  First  Terminal  Tangent 
and  in  a  PojLnt  on  the  Same  lUdial  Line. 

First  Cas^— Second  branch  Ttating  shorter  radiui. 

InFig.  48,0J?=i?,a5=i?.  angle 
a  and  HO  =  p  are  known.  O^S^R% 
and  angle  b  must  be  found  ;   then 

"^jp  =  BE  will  be  the  change  in 

RCO 

Produce  first  bmnch  to  E,  where 
OiT is  parallel  to  QxO.  Since  BOK 
=  BOx  G,  B,  K,  and  0  lie  in  the  same 
straight  line;  and  since  EO^F ^ 
EOK,  E,  F,  and  K  lie  in  the  same 
straight  line.     Therefore 

ir(7^  =  K    and    irar^ld.  Cn'doie 

■  Digitized  by  V^OOglC 
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From  triaugles  KFBtLiid  KCO, 

,      -.      HE       OK       OH      ,      ,     .     p 
^^^^FH='OC+FH^^''^'^m 


But 


FH^OiL  =(i?--i?,)8ino. 


.*.    tan  i&=  tan  ^  + 


(R"Ri)fAna*    * 
From  triangles  OOiL  and  00%M, 

(R  -  i?,)  sin  6  =  (i?  -  i?,)  sin  a. 
^sina 


(78) 


Whence 


iJ,  =  i?-(i?-i?,) 


sin  y 


W 


Had  ^i72^  been  the  first  curve  located,  h  and  R%  would  be 
known,  a  and  Ri  required. 
From  the  figure,  reasoning  as  before, 


tania  =  t«.15-^^-|^^5^. 


and 


^  sma 


Rx^R 
Sbcokd  QAsa,~-8econd  branch  Tuivmg  longer  rat^ui. 


(80) 


(81) 


n  6 


Fl».  49. 


In  Fig.  49  let  AB  be  the  located  curve,  JKFthe  curve  required, 
OA  =  R.  0,A  =  J?.,  0,e  =B,.FB  =  p., „,,,,, Google       " 
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Rt  and  angle  b  are  wanted,  angle  a  being  known. 
We  can  show,  at  in  first  case,  that 

HFK  =  J6.    HBL  =  Ja, 
and  hence 

Or  inserting  values, 

'*°**  =  '^*"-(i^-£)sina <«») 

Angle  6  now  becomes  known  and  — ^—  =  J.i^  in  chains,  which 


is  the  change  in  position  of  F.CC. 
From  triangles  OOiif  and  00^, 


{Rt  -  i?)  Bin  b  =  {Ri^B)  sin  a 


•••  *=■»+(* -^£-j- 


Had  the  new  tangent  fallen  outside  the  old  one,  we  should  have 
had 

.tanja  =  tanj*+^-^-^^^^,     ...    (84) 
and 

«  =  -«+(*-«&* (W) 

126.  Having  a  Located   Compound   Ounre,  to  Find  the 
Change  in  P,C,C,  and  Radius  of  Second  Branch  in  order  to 
'.  Cause  P»r.  to  Fall  at  a  New  Point  in  Terminal  Tangent. 
FiBST  CAAK,^8eeond  branch  having  th^rter  raditLs, 
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In  Pig.  60  let  NAB  be  the  located  curve,  and  G  the  point  where 
P.T,  is  required  to  fall.  Let  BC  —  k,  OA  —  R,  OiB  =  i?,,  and 
angle  OiOH  =  a  be  known;  angle  b  and  Hi  are  required. 


'    Oj 

/R.   \\ 

B\ 

/ 

\  1  N 

P\          c 
\         0 

8» 

i      M 

i 

Fig.  50. 


Extend  first  branch  to  F^  making  OF  parallel  to  OxB.  A,  B, 
and  Flie  on  a  straight  line,  for  angles  AOiBnnd  AOF&re  equal; 
likewise  E,  G,  and  F  lie  on  the  same  straight  line. 

Prom  triangles  OBFsaid  OGF, 


^^^      GB      GB         ,,  k 

coti6=^-^=cotla-^ 


But     OF  =  HM  =(-«--  -RiXl  -  cos  a)  =  (B-^  Bt)  vers  a. 

k 


cot  ib  =  cot  ^a  • 


(i?— 2^1 )  vers  a' 
Prom  triangles  OOxH  and  OOjX,  since  OiP  =  *, 
(ij-  /?a)  sin  6  :=:  (B-Bi)  sin  a  -  *. 
Whence 


(86> 


^•  =  i?4 


A;  -  (i?  -  Bi)  sin  g 
sin  6 


(87) 


Then  ft  —  «  divided  by  D  gives  arc  j4JE    With  radius  i?s  locate 
the  curve  EO  from  G  or  i?.  t  ed  by  Google         i 
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Had  NEO  been  the  located  curve,  R,  Rt ,  and  h  would  have 
been  known,  Rx  and  a  required.    In  this  case 


cot  |a  =  cot  ^  -f 


Ri^R- 


(R-Rt)Yerab' 

A;-f  (g-  RQsinft 
sina 


(88) 


Second  Cask.— Terminal  branch  having  longer  radius 

In  F!g.  51  let  2fAB  be  the  located  and  NECihe  required  curre. 


Let  (7P  =  A;  be  known.     Then,  as  in  the  first  case, 


,,.       QC      OB       k 


.'.    cot  ^5  =  cot  ia  —  • 


and 


Whence 


(Rx  -ii)  versa* 
(Rx  -  R)  sin  a  =  (Rt-  R)  sin  6  +  * ; 

(Rx  —  ig)sina  —  ife 


B.^R  + 


®^^^zed  by  Google 


(90) 


(W) 
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Had  NEC  been  located  and  NAB  required,  the  equations  would 
haye  been 

«d  ft=.B+(^--?'"°*  +  *.    .    .    (98) 

'  sin  a 

In  either  of  these  two  cases  if  k  is  unknown  and  the  new  radius 
given  or  assumed,  the  desired  angle  and  the  value  of  k  may  be 
found  from  the  foregoing  equations.  Or,  knowing  the  new  angle, 
the  new  radius  and  value  of  k  may  be  found  from  the  same 
equations. 

1^6.  To  Replace  a  Ovair^  of  Given  Radius,  which  unites 
Two  Tangents  with  Known  Intersection-angle,  by  a  Three* 
centered  Oompound  Ourve. 

In  Fig.  52    let  0^  =  2^  be  the  radius  of   located  curves 


0,C=  Ot'A  =  Bt  the  radius  of  terminal  portions  of  the  three- 
centered  curve,  and  the  other  notation  as  shown  in  the  figure. 

Draw  OM,  and  draw  ^Ofl"  perpendicular  thereto.    From  tri- 
angles OtOxH  and  OtOH, 

OtH=  (i?a  -  Bx)  sin  J/,  =(B^-B)  sin  JZ  .    •    •    («) 
Suppose  B%  and  Bi  to  be  assumed ;  then  equation  (a)  yields 

Bm   —    B 

Sin  i/«  =  ^ s-  sin  \L^  ,    , ,  ,    .    (1^ 

lit  —  Hi.       jtzedbydOOgle 
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Then  AOt'B  =  COtG  =^  HI- L).     .    .    .    (»6) 

Suppose  AOt'S,  GOiO,  and  Ht  to  have  been  assumed.  From 
(95)  find  /i ;  then,  from  equation  (a), 

iJ.  =i?.-(i?.-i2)|5^^ (96) 

EzAMFLE.^Given  a  4'  eurve,  /  =:  88*",  and  the  terminal 
branches  composed  of  a  2°  curve  for  two  stations,  to  find  Bi  and 
Di  for  the  central  portion. 

Here  /,  =  SS**  -  2(2  X  2)*  =  80'. 

From  Table  I.  i?,  =  2866  ft.,    B  =  1482.7  ft. 

Whence  Bt-^B^  1482.8  ft. 

Log  1432.8       =  8.15608 
•*    sin  19*  0'  =  9.51264 


2.66867 
•*    sin  15°  (y  =  9.41300 


.-.    log  1801.7  =  8.25567 

Therefore  Bi  =  2865  -  1801.7  =  1063.3  ft.,  and,  hj  Table  I, 
D,  =  5°  28'.4,  nearly  enough. 

127.  To  Substitate  a  Curve  of  Given  Radius  for  a  Tangwit 
uniting  Two  Curves. 

In  Fig.  58  let  the  tangent  BC^  t,  OB  =  B,  O^C-B^,  and 
OtA  =  fit  be  known. 

Angles  a,  b,  and  e  must  be  found  in  order  to  substitute  curve 
AB  for  the  system  ABCE. 

Draw  OF  parallel  to  BC,  then  O^F  =B^-'B,  and ,  from  triangle 
00,F, 

^^=5r^ (^ 

00,  =  J^  =  < .  cosec  d  =  4/(i?,  -- A)Q^ W'^ .    (9^ 
*     sin  a 
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Kow  in  triangle  OOiOt  three  sides  are  known  and  the  angles 
e  and  e  may  be  computed.    Thus  if  »  is  the  half-sum  of  the  sides. 


Angle  6  may  be  found  in  like  manner,  then  b  =  180*  ~  (0  -f  ^ 
and  a  =  c  —  6. 

Points  A  and  E  may  now  be  located  and  the  curve  traced. 

Example.— A  3°  and  a  5*  curve  are  united  by  a  tangent  500 
feet  long.     Replace  by  a  2*  curve. 

Here        i?,  -  2?  =  1910  -  1146  =  764  feet. 

500 
By  (»7),       tan  d  =  ^  =  0.65444  =  tan  88'  12' 

By  (98),         OOx  =  913.1  feet. 

In  triangle   OOiO^,  OOx  =918.1,   0,0,  =  954.9.  and   OOt^ 

1718.7  feet.     Solving  for  e  and  c, 

d  =183*' 36'.     c  =  28°0'.     Then    6  =  18°  12'.     a  =  9°  48'. 

Article  10. — Track  Problems — Curved  Progs  Assumed. 

128.  Reversed  Curves  should  never  be  employed  on  main 
lines  because  of  the  shock  due  to  sudden  reversal  of  curvature 
and  superelevation  of  outside  rail.  A  short  tangent  should  be 
interposed  between  the  two  curves,  which  may  ordinarily  be  done 
by  changing  the  end -points  of  the  curve,  or  slightly  altering  the 
radius.  At  least  one  large  railway  system  in  the  United  States 
prescribes  120  feet  as  the  minimum  length  of  intervening  tangent, 
however,  transition  curves  are  employed  to  ease  oflf  both 
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cnrres,  there  would  seem  to  be 'less  objection  to  the  use  of 
curres  of  contnuy  flexure,  provided  the  track  may  be  kept 
always  in  perfect  condition.  In  yards,  crossovers,  and  where 
connection  is  made  with  existing  track,  reversed  curves  may  be 
employed,  and  are  often  imperative. 

129.  Having  a  liocated  Curve  Intersected  by  a  Straight 
Une,  to  Connect  them  by  Another  Curve. 

Either  the  radius  of  the  joining  curve  may  be  given,  or  else  the 
point  on  first  curve  at  which  the  junction  must  be  made.  The 
angle  between  a  tangent  to  located  curve  at  the  point  of  meeting 
and  the  straight  line  must  be  measured.  Four  possible  cases 
occur. 

First  Case. — Joining  curve  tangent  to  located  curve  internally 
and  on  same  nde  of  cuttitig  line  as  center. 

In  Fig.  54  let  OF  be  joining  curve,  with  center  Oi  and  radius 
^1.  Let  radius  of  located  curve  OF=z  R,  Draw  OiO  and  OH 
perpendicular  to  the  cutting  line  produced,  and  OiK  parallel  to 
AH.    If  Ri  is  known,  we  must  determine  angle  h,  a  having  been 


Fio.  64. 
measured;  then h^  a  gives  the  length  of  arc  from  A  to  ^ where 
the  P.C.  C.  is  to  be  located.    In  the  triangle  KOOi  we  have 

0K=  OH-  R,    and    00^  =  R  -  Ri. 

Rcoaa  —  Ri 


Then 


C08&  = 
b-a 


R-Ri 
=  arc  AF. 


(99) 


Had  Fbeett  given,  we  should  have  b  =  a  +AOF,  and,  from (99), 
R  (cos  a  —  cos  b)  ^R  (cos  a  —  cos  b) 


Bi 


1  —  cos  b 


vers  6 


/.    (100> 
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EzAHPLB.-^A  V  curve  is  cut  by  a  titngent  that  maket  an  angle 
of  64°  83'  with  tangent  to  curve.    Unite  by  means  of  a  4"*  curve. 

By  (99),  cos  5  =  0.24000  =  cos  76*  07',  and  therefore  &  ~  a  = 
ll**  85',  making  AF,  of  figure,  11.58  stations. 

SECOin>  Case.  —  Joining  eunte  tangent  int&maUy  to  located 
curve  but  on  opposite  side  of  cutting  line  from  center  of  located 
curve. 

In  Fig.  54  let  arc  ME,  with  center  0%  and  radius  i?s ,  be  the 
Joining  curve.    From  the  figure. 


cosd  = 


_Rcosa  +  Bt 


(101) 


Then  arc  -42?  =  a  -  d  divided  by  D,  and  c  =  180*  -  d 
Had  the  point  i7  been  given  and  iS,  required,  it  would  have 
been,  from  (101) 

i?(cos  d  —  cos  a) 


/?.  =  : 


a<») 


1  +  coad 

Example. — Take  the  same  example  as  in  first  case.    Here, 

By  (101),        cos  d  =  0.9068  =  cos  24*  56'. 

Then  64''  32'  -  24*  56'  =  89**  36', 

equivalent  to  39.600  stations  around  curve  from  A  to  B, 

TmKD  Case. — Joining  curve  tangent  externaUy  to  located  curve, 
toith  center  on  somie  side  of  cutting  line. 


Fig.  55. 


In  Fig.  65  let  arc  BC,  with  center  0,  and  radius  Bi ,  be  the  Join- 
ing curve.  Draw  OxE  parallel  to  CF,  and  OiCand  OF  perpan- 
-ilcular  thereto.  nzed  by  Google 
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From  the  figure, 

(B  +  Bi)coBb  =  BcoBa-  Ei; 

.      Bcosa  —  jRi  ,^^^. 

•••'"*^=      B  +  B. <^"»> 

Then  d  =  180  —  5,  and  AOB  =  ft  —  a.    The  curve  may  now  he 
traced  on  the  ground. 

If  ^C  is  wanted,  we  have  AC  =  (B  +  Bi)  a\nb  —  B  sin  a. 

If  the  point  B  is  fixed  and  Bi  required,  there  results,  from  (103), 

fi.  =  £(2^f^^). (104) 

1  -|-  COS  0 

Example. —Take  the  example  given  for  the  first  and  second 
cases. 
By  (103), 

.       6780x0.43-1482.5      ^,..  .,,.., 

•  ^^=       5780  +  1432.5        =  0>1^  =  cos  81^  44^ 

ft  -  a  =  81'  44'  -  64°  32'  =  l?**  12',  equivalent  to  17.2 
stations  on  located  curve  from  A  to  B,   Angle  d  =  180°  —  81°  44' 
=  98*  16',  equivalent  to  24.567  stations  from  B  to  C  on  the 
4**  curve. 

Fourth  Cask.— Joining  curve  tangent  externally  to  located  curve, 
with  center  on  opposite  side  of  cutting  line. 

Let  Os,  Fig    55,  he  center  of  joining  curve,  Bt  its  radius. 
From  the  figure, 

(B+  Bi)  co3c  =  Bcoaa  +  Bt. 

BcoBa  4-  Bt  ,^^^, 

r.  cosc=      B-^-Bt  •    •    ' ^      ^ 


If  Jf  is  fixed  and  Bt  required,  (105)  yields 

P  _  i?(cos  e  —  cos  g)  _  Bjcos  c  —  cos  a) 
*  ~        1  —  cos  c      ~~  versin  c 

Example. — Take  same  example  as  in  preceding  cases. 

By  (105),  cos  c  =  0.54403  =  cos  57°  02'. 

Then  a  -  c  =  64-  32'  -  57*  2'  =  r.,^KoogIe 


(106) 
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calliDg  for  a  distaDce  of  7.50  stations  from  ^  to  if  around 
V  curve.    From  Jf  to  ^  on  4°  curve  is  14.258  stations. 

130.  ToI«ooateaT 

A  Y  is  made  up  of  a  system  of  tracks  so  arranged  as  to  admit 
of  turning  an  entire  train.  Three  of  the  most  used  arrangements 
are  given  below. 

First  Case.— On^  branch  of  Ya  iiraighi  line. 

This  is  only  the  special  case  of  the  last  problem  in  which  the 
cutting  line  becomes  tangent  to  both  curves.    In  Fig.  56,  if  any 


A        F C 

E -/" )^.-...4-^^0, 


Fio.  56. 

one  of  the  points  Ay  B,  or  0  ia  given,  the  others  may  be  located 
by  finding  the  angles  c  and  &.  Draw  OiE  parallel  to  CA  ;  then 
in  triangle  OOiE 

(B  +  Ei)co8b=z  i?-  Bi, 


coab  =z 


B^  Bt 
B+Bi' 


(107) 


This  follows  at  once  from  (103)  by  making  angle  a  =:  0.  Then 
angle  e  =  180  —  b.  If  AB  were  a  located  curve  and  the  point 
5  given,  formula  (107)  would  furnish  us  a  value  for  Bi. 

Another  eolution  is  to  produce  the  tangent  at  B  to  cut  AC  at  F\ 
then  AF  ==  FG  =  BF,  Join  ^  with  0  and  0, ;  it  can  easily  be 
seen  that  angle  OFOi  =  90*,  and,  by  geometry, 


Therefore 


and 


BF=VBXB,, 
tan  46  =  ^=/^. 
^      ,        BF     JB 


•    •    • 


dbyGobgle ' 


(108) 
a09) 


(liO) 
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ExAifPLB*— Let  AB  be  a  8*  curve,  BOh  6*  curre,  the  point  A 
at  statioD  180. 
By  (107), 


The  Dumber  of  B  is  180  +  23.511  =  203  +  51.1.    Angle  e  = 
109*'  28',  equivalent  to  18.244  stations  on  the  6"  curve. 

Second  CASK.^The  three  branches  curved  and  convex  towmU 
each  other. 

Given  the  three  radii  and  any 
one  of  the  points  A,  B,  or  C, 
Pig.  57,  we  have  only  to  find  the 
angles  at  the  center,  then  divide 
these  angles  by  the  degrees  of 
the  respective  curves  to  get  their 
lengths  and  locate  the  three 
branches. 

In  the  triangle  OOiO,,  letting  ^.i^ 
00  X  =  /,     0,0a  =  m,     00^  =  n, 

#  =  J(i  +  m  +  n)  =  5  +  iJi +if«. 
we  shall  have,  by  trigonometry. 
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cosia 


y     m  ,  n 


/(R  +  jg,  +S)5t 


(111) 


Angles  h  and  c  may  be  found  in  like  manner. 

The  angles  may  be  found  otherwise  by  letting  fall  a  perpen- 
dicular from  one  vertex  upon  the  opposite  side,  as  OE  perpen- 
dicular to  Oj  0,.     Then  from  the  relation 

OxOt :  0x0  -f  OOt  =  OOi  -  op, :  OxE  -  OtE 


determine  OtE  and  OxE\  then  the  right  triangles  O^OE  and 
Oi02^  yield  values  of  cosine  a  and  cosine  c,  after  which  h  may 
readily  be  obtained. 

Thibd  Case. — Ono  brandi  coneate  to  the  other  ttoo. 

In  Fig.  58  the  triangle  OOiOi  may  be  solved  for  the  angles  at 
0,  Oi,  and  Oj ;  for  if  the  radii  are  given,  the  sides  OOi  =  R  -  Rx, 
OOt  =  £  —  JR,,  and  OxO»  =  Ri  +  Rt  are  known  and  the  solutior 
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b  the  same  as  for  second  case.  Then  b  is  the  central  angle  for 
curve  AB,  a'  =  180  —  a,  the  central  angle  for  AO,  Bad  tf  = 
180  —  e,  the  central  angle  for  curre  BC. 


Example. —If  A  is  at  sta.  820  on  the  1**  curve  AB,  AO  an 
8°  curve,  connect  with  a  6"  curve  CB,    Here  we  have 

OtO  =  6730  -  717  =  6013.    OiO  =  5780  -  955  =  4775. 

and  0,0i  =  955  -f-  717  =  1672. 

Solving  this  triangle,  we  get    c  =  88**  20*,   6  =  19*  28',    and 
a  r=  72"  12'.      The  number   of  B  is  therefore  820  +  19.467  = 

01  ({fV7 

889  4-  46.7  ;  the  length  of  CB  is  — '—  =  15.278  stations,    and 

107  ft 
Of  ^  a  is  -^  =  18.475  stations. 

o 

131.   To    Locate    a    Reversed    Ourve   between   Parallel 
Tangents 
First  Cabk.^  JRadii  equal, 

(a)  The  equal  radii  R  and  distance  p  between  tangents  known. 
In  Fig.  59  draw  OiET  parallel  to  -4  G'  to  meet  OiB  produced. 
From  triangle  OEOi, 

22?  — o       .         p  ,^^^^ 


and  OB  =  2R  sin  a. 


Dd^tzecfby  Google*       C^^^) 
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From  triangle  ABG, 


AB  =  -7^  =  p  coseu  \a  =  ^OE*  +  p».      .    (lU) 
am  ia     ^  ^  *  ^ 


/ 

^ 

r^\ 

^^^^^ 

•^r 

0 

^/ 

B 

c 

Fig.  68, 

(f)  AQ  and  p  known,  i?  required. 

Here  AB  =  |/2^*"+p  =  A;.  Draw  OJJ  to  the  mid-point  of 
AC,  Triangles  AOH  and  ABO  are  siniilar  and  ^^=:  Vc, 
Therefore 


whence 


4p 


(115) 


Example. — Connect  two  parallel  tracks,  80  ft.  c.  to  c.  by  a  7* 
reversed  curve.    From  Table  I,  B  =  819  feet,  and,  by  (112), 

80 
cos  a  =  1  -  -j|~  =  0.98167  =  cos  10*  ^9. 

By  (118),    OE  =  1688  X  .19052  =  812.1  feet. 


By  (114),    AB  =  4/(812.1)'  +  (30)«  =  818.5  feet. 

If  ^  =  80,  0Z7  =  812.1,   or  AB  =*  818.5  had  been  given,  we 
should  have  had,  by  (115) 

120  tzedbydOOgle 


r 
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Bbcond  CA«a.^Ii<idii  unequcU, 

(a)  Suppose  the  radii  B  -  OA  and  R  •=  OiB(Fig,  69)  to  be 
known.  We  must  find  centml  angle  a  and  AB  =  k.  From  the 
triangle  00.  jB; 

Then  AB  will  be  given  by  (114). 

(b)  Suppose  AB  =  k,  p  and  B  known,  to  find  Bi  and  angle  a. 
Triangle  ABO  yields 

sin  ia  =  ^ (117) 

Oi  £P  is  similar  to  A  GB.    Hence 

But  .ilO  =  di?  sin  ia,  and  Z^  ^  i(l;  -  iiC)  =  id.  Inserting 
this  value  of  LB  and  solving  for  Bi, 

*=f- •  •  <"«) 

From  similar  triangles, 

B,_      G, 
B  ~  k-'Or 

Inserting  me  value  of  Ci  =  ■— -^  from  (118)  and  solving  for 


Bi,  we  get 


/?,  =  ^  -  iJ. (119) 


Example.— -4-5  =  300'.   p  =  80',   B  =  819  ft.,  to  find  angle 
a  and  Bi. 

DA 

By  (117).         sin  ia  =  ^  =  0.10000  =  sin  5**  44'. 
Therefore  angle  a  =  ir  28'. 
By  (119K  Bx  =  ^-^^  -  819  =  681  ft. ,  an  8!  25'  curve. 
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132.  To  Connect  Two  Parallel  Tracka  by  a  Oroaaorer  eom- 
poaed  of  two  D"  Onrvea  with  a  Given  Length  of  Tan^ant 
between  Points  of  Contrary  Flexure. 

In  Fig.  60  let  AFQB  be  the  re- 
quired crossoyer,  FG=l,  EB=p, 
and  OA  =  OB  =  B  known; 
angle  a  and  AE  =  x  are  re- 
quired 

Draw  OM  parallel  to  AB  to 
meet,  (/B  produced ;  draw  also 
OO  parallel  and  equal  to  FO ; 
join   0  and  (/.    From  triangle 

oao, 


^^^=25' 


4*,/../.i 


.    .    (120) 


21? 


"-^fc 


Ite.  6QL 


0(y  =  -f^  t=  2fisecy  =  V'4i?»  +  P. 
cosy  '       ^ 


.  Then  hi  triangle  0(/M, 


008  s  = 


(yjf  _  2ig~p 


H'-&) 


cosy. 


(1«) 


(122) 


OCy  ■"2i?8ec 

Now  knowing  y  and  », 

a  =  •  -  y (128) 

Next,  X  =  OJf  =  0(/  sin  i  =  2i?  sec  y  sin  f .     .    (124) 

Example.— Given  D  =  7**  80',  p  =  62  ft.,  I  =  100  ft.,  to  locate 
crossover  when  A  is  at  sta.  86  +  20. 

By  (120). 

log  tan  y  =  2  -  8.18441  =  8.81559  =  log  tan  8'  44'. 
By  (121), 

log  0(r=  8.18441  -  9.99908  =  8.18538  =  log  1582. 
By  (122). 

log  cos  «  =  8.16648  -  8.18583  =  9.98110  =  log  coa  16*  47. 
By  (128), 

a  =  16'  47'  -  8*  44'  =  13*  8'. 

By  (124), 

log  X  =  8.18538  +  9.46053  =  2.64586  =  log  442.4. 
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133.  To  Find  the  Radiui  of  the  Reversed  Ovarve  AFE,  Fig. 
61,  Given  Angles  /  acadl',  and 

From  the  figure, 

i?tanJJ'=  OF. 
Adding, 
5(tan  i/  +  tan  iP)  z^zBC^k. 
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Whence 


B^: 


(135) 


'  tan  Ji  +  tan  iJ' 
Example.— Given  /  =  10%  J'=  20%  BC  =  700  feet,  to  find  B, 
700 


By  (125),     i?  = 


0.08749  +  0.17638 


=  2663  ft.,  a  2*  9J'  curve. 


134.  To  Locate  a  Reversed  Curve  hetween  Fixed  Points. 
In  Fig.  62  let  AB  =  k,  and  angles  1  and  /'  be  known.      We 


have  to  find  B  and  the  angles  a  and  b. 

Draw  CO  parallel  to,  and  OG  and  CF  perpendicular  to,  AB. 
Angle  AOO  =  /  and  BCF  =  /'.  Then  OE  =  B  cos  /  and  OF 
=  B  cos  /'.     Hence 

00  =  B(cos  I -{- COB  ry 

In  triangle  000,  00'  =  2B,    Therefore 

i2(cos  /  -r  cos  i ')      cos  /  H-  cos/' 


cosaj  = 


2ie  •"  2  '     • 

n  expression  from  which  iJhas  disappeated^dbvCiOOgie 


(126) 


LOOATIOIT. 


1X1 


We  now  have         a  s^  I'-\'X    and    &  =  /'  +  «, 
To  find  JRwe  have  AE+EF  +  FB=z  k, 

€fr  i?8in/H-2i?sina;  + JSsin/'  =  *. 

ifc 

Whence  ^=^"7 — r. ,    i    r/  .  o  « ••    •    •    (1^ 

sin  /  +  sin  /'  H-  2  sin  a?  ^      ' 

Afioiher  eoDpreuian  for  B  can  be  found  by  drawing  ^i^Tand  BL 
perpendicular  to  0(y,  and  BN  parallel  thereto.  Then,  since 
^BAN^x, 

BBina-^-Bninb  ^  kcoBX. 

.      „_        A;  cos  a? 

.  .     S  =s  -J J — 5 — = (138) 

sin  a  +  sin  ft  ^      ' 

DxAKPLB. — Take  the  example  of  the  last  problem^ 

*=s:700,    7-10%    i'  =  20'. 
By  (126), 

cos  a;  =  1(0.98481  +  0.93969)  =  0.96225  =  cos  15*  48'. 
We  now  have       a  =  26*  48'    and    ft  =  35"  48;. 

By  (128).    B  =  — ^  ^  0.96225_  ^  ^  g  ^ ^   ^n  8'  41'  curve. 
^  ^      ^'  0.43523  +  0.58496  it.,***  o  «x  cutyw. 

136.  To  Connect  Two  Divergent  Tai^^enti  by  a  Rerttrsed 
Curve, 

First  Case. — Advancing  towards  the  P.L 

Given  the  radii  B  and  Bx ,  the  angle  /  and  AO  s^  k,  to  find  the 
angles  a  and  ft  (Fig.  68). 


-.-]£ £ !Q 

Fie.  68. 
Draw  OG  parallel  to  the  tangent  BC  to  meet  dB  produced 
Then  EF=  BO  =  AF-- Aff. 

Therefore  J?G^  =  i?  cos  /  -  A;  sin  ii-d  by  Google 


(1»») 
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Fkom  triangle  00x0, 

.      Rt+BO      R^+RcosI''kanI 
"^^^-B+rT^ B  +  B^ • 

Then  a  =  JfOjiT  =5-7.  OiJf  being  parallel  to  OA. 

Second  CAsa.—Beeeding  from  the  P,L 

In  Fig.  63  we  have  BO  -  kx ,  angle  /,  B,  and  Bx  giren,  to  find 
angles  a  and  5. 

Produce  OA  to  meet  OiL  drawn  parallel  to  OA,  AL  equals 
OiJf  =  OxHcobI. 

OxH  =  i?,  —  flB  =  2?,  -  Afi  tan  /. 

.'.  AL  =  0,  Jf  =  (-Bi  -  A;,  tan  /)  cos  /. 
Hence 

OL  =  B  +  (Bt  ■-  kxtAnI)coaI=  B+  BxCObI"  kidnl. 

From  triangle  OOiL, 


C08a  = 


OL         g  +  i?t  cos  7  -  A?!  sin  / 
00,  ~  i?+i?. 

ft  =  a  +  7. 


(180) 


Eyidently, 

136.  To  Chang*  tha  P.B.O,  so  that  Second  Branch  ^ 
Onnra  shall  End  in  a  Tangent  Parallel  to  Terminal  Tangent 
and  Distant  p  therefrom. 

In  Fig.  64  let  MAB  be  tbe  located  curve,  EN  =  p.    We  must 
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Fxo.  64. 


determine  the  angle  00 A,  after  which  the  desired  curve  AOB 
may  be  located. 
Draw  HOi  and  XO,  parallel  to  ^Fand  I^G,    '  ' 

HL  =  OiiT  =  p.       t  zed  by  Google 


LOOATIOK. 

Fum  triangles  OOi'ffwad  OOiL, 

(R  +  jB,)  cos  6  •=  (ij  +  i?,)  coi  a  -  pi 

P 


\  COS&  =  cosa  ^ 


Angle  AGO—  b  ^  a. 


B+Bi' 
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137.  To  Find  the  Radios  of  a  Oturred  Track. 

Measure  any  chord  AB  s  21,  and  mid-prdinate  OS  =  Jf. 


FiQ.  66. 

Then  in  the  right  triangle  0^^(Fig.  66), 
B'"  {B  -  Jf )«  a  P. 


.   B=: 


2M 


(182) 


Note. — ^Tbe  treatment  of  the  problems  of  Sections  129,  130, 
131,  132,  and  135  is  based  on  the  assumption  that  both  switch- 
rails  and  frogs  are  curved.  The  results  are  usually  close  enough 
if  shortened  leads  are  used,  as  will  be  mentioned  later.  The 
effect  of  straight  switch-rails  and  frogs  will  be  discussed  later  on. 


d  by  Google. 
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Abticlb  11.— Theobt  of  thb  Tranbition-oitbtb. 


138.  Elevation  of  Outer  Rail  on  Onrves.— To  counteract  the 
effect  of  ceDtrifugal  force  on  curves  the  outer  rail  must  be 
elevated  above  the  iuner  one.  It  is  shown  in  mechanics  that  the 
centrifugal  force  is 


F  = 


82.161^' 


where  W  is  the  weight,  v  the  velocity  in  feet  per  second,  32.15 

an  average  value  of  the  acceleration  of  gravity  in  feet  per  second 

per  second,  and  R  the  radius  in  feet. 
In  Fig  66  let  the  vertical  EL  represent  TF,  the  horizontal  KEt 

the  centrifugal  force,  AB  the  plane  of  the  rails,  and  CB  =  e 
the  superelevation  of  outer  nUl^ 
From  similar  triangles, 

Equate  this  value  of  F  to  that  given 
above  and  solve  for  e,  giving 

_    AW  „-^^ 

*- 82365-  :  •   ^^^^ 

The  gauge  AB  should  be  greater  on  curves  than  on  tangents 
to  allow  for  flange  clearance  and  the  effect  of  a  rigid  wheel-base. 
AG  =4t.9  feet  is  about  the  right  value  for  the  horizontal  distance 
between  centers  of  rail- heads  for  standard  gauge.  In  formula 
(133) « is  in  feet  per  second,  but  the  train  velocity  is  usually  given 
in  miles  per  hour.    Let  V  =  velocity  in  miles  per  hour,  then  the 

114 
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▼elocity  in  feet  per  second  will  be  «  =  — -  F.    luserting  these 

values  in  (188)  gives 

4  9  X  484  F*     "  F* 
^  =  82.16  X225i2=85'''^^^y-      *    *    '    <^^> 

This  elevation  will  be  required  from  the  P.  (7.  to  the  P.  T.,  but 
obviously  it  cannot  be  introduced  suddenly,  so  that  for  easy 
riding  the  rate  of  increase  of  e  should  be  uniform.  Front  (184)  it 
is  seen  that  e  varies  inversely  with  R,  which  requires  that  when 
tf  =  0,  R=i  infinity.  Hence  R  must  decrease  from  infinity  to 
the  radius  of  the  circular  curve,  while  e  increases  from  0  to  its 
maximum  value. 

139.  The  True  Transition-curve  should  satisfy  formula  (184), 
but  so  far  no  such  curve  has  been  found  that  will  at  the  same 
time  admit  of  the  same  ease  of  location  as  the  simple  circular 
curve.  According  to  RanMne  the  first  use  of  any  other  than 
the  circular  curve  was  made  by  Gravatt  about  1828  or  1829, 
the  curve  employed  being  the  curve  of  sines.  Another  method 
described  by  Rankine  is  attributed  to  William  Froude  about 
1842 ;  this  Curve  was  worked  up  in  the  Engineering  Neioe  by 
A.  M.  Wellington  in  1890.  Other  approximations  are  the  RaU- 
road  Spiral,  developed  by  W.  H.  Searles  in  1882,  and  the  cubic 
parabola,  described  by  C.  D.  Jameson  and  E.  W.  Crellin  in  the 
Railroad  and  Engineering  Journal,  1889. 

In  1880  Elliot  Holbrook  described  in  the  Railroad  Oatette  the 
true  transition-curve  applicable  to  small  angles  and  short  lengths 
of  the  curve.  In  1893  C.  L.  Crandall  published  formulaB  and 
tables  applicable  to  large  central  angles  for  both  the  offset  and 
deflection  methods. 

140.  The  Notation  here  employed  will  be  explained  with 
reference  to  Fig.  67.  The  curve  CBRC  is  the  circular  curve 
offset  at  Cand  G*  from  the  tangents  by  the  amounts  (THand  C'H', 
AQB  and  BG'A'  are  the  transition-curves.  A  is  theP.r.C, 
or  point  of  transition-curve,  0  the  RG.,  B  the  P. (7.,,  P' the 
P.TCu  0'  the  RT.,  and  A'  the  P.T.i.  The  co-ordinates  of  G 
are  ^-ff  =  «',  EG  =  y';  of  (7,  of  and  EG  =  F;  of  P,  AM=:  Xt 
and  MB  =  yi.  The  length  of  curve  from  P.  T.  G.  40  any  point  P 
Is  I,  and  the  whole  length  from  RT.  G.  to  P.  a,  is  ipogl^ 
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141.  Bquation    of    Traniition-curve. — Since    the    rate     of 
change  of  e  must  be  uniform,  (134)  may  be  written 


d  =  Ai  = 


(185) 


Fio.  67. 


in  which  k  is  the  rate  of  rise  of  outer  rail  along  curve,  and  p  the 
varying  radius  of  curvature.  From  the  calculus  pdip  =  dl, 
whence 

^  =  ^ (i»«) 

Insert  this  in  (185)  and  solve  for  d<p. 

oz. 

d<p  =  y^ldl  =  2mldl. (187) 

2m  is  dependent  upon  V  and  k,  and  is  constant  for  any  one 
curve. 
Integrating  (187), 

<p  =  ml\ (188) 

the  constant  of  integration  being  zero,  for  I  isjsero  when  <p  la 
«ero. 


for  I  is  zero  wh( 
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From  the  elementary  triangle  drawn  at  the  point  F  of  transit 
tion-curve,  Fig.  67,  dl  being  tangent, 

Expanding  sin  <f>  by  trigonoroetry, 

In  which  8 !  =  3  X  2  X  1 ,  5 !  =  5  X  4  X  8  X  2  X  1 .  etc 
Substituting  for  <f>  its  value  from  (138), 


tfy  = 

diLa^ 

6 

+  120 

5040   ' 

N^grathig, 

y« 

(nU* 

1820 

■76600"^' 

•)• 


...). 


(189) 


tet  «i^  :s  ip,  where  0  is  in  circular  measure.    To  obtain  <p  in 
degrees,  ^  :^  9>*^  =  ^.    Inserting  this  in  (189). 

^        V171.89      79  X  to»  *"  8151  X  10*  ""  158245  X  10»«  '^'"J* 
or  y^lC, (140) 

in  which  0  may  be  found  from  Vabk  XIV  with  <p°  as  argument. 
Interpolation  must  be  i-esoi-ted  to  for  values  of  0  not  given  in  the 
table,  or  y  computed  by  the  formula. 
From  the  elementary  triangle  at  P,  Fig.  67 

dx 

^=COS0. 


Expanding  by  trigonometry, 


ogle 


r 
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Substituting  ml*  for  0  and  integratiog. 

Replacing  ml^hy  (f>  reduced  to  degrees, 

«^zfi        ^"    I        ^"  ^°'         1        ^ 

*- Y"  32828'^  2328  XlO»      33114  X  10>*  ^  *  •  7 

or  0;  =  ^-^^. (142) 

Ovaries  with  0%  and  may  be  taken  from  Table  XIV  with  0* 
as  argument. 

142.  The  Transition-curve  Angle  Ii  is  the  value  <p  assumes 
at  the  P. a,.    From  (138), 

/,  =  mil* (148) 

From  (137)  and  (136), 

dl^__J_  ^ 
d<f> "  2ml       ^' 

At  the  P. C.i  p  =  -B  and  may  be  taken  equal  to  -=j-,  so  that 


whence 


1     _p_5780 
2mli'  2>*' 


"^"27:^-11460^ ^^^^ 


This  value  of  m  In  (143^  gives 

'•  =  h-mo- :<*«> 

it. 
Reducing  this  to  circular  measure  by  writing  -^»=^«*f8Q=57^ 
gives 

It         JO^'lx 

V=28.65j---3^ (146) 

143.  The  Oodrdinates  of  any  poipt  on  the  curve  are  given  by 
(140)  and  (142).    The  length  of  the  transitiop-ourve  bein^  known 
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or  assumed,  pi  and  Xi  (the  coordinates  of  the  P,0.i)  may  be 
found  from  these  equations  by  the  help  of  Table  XIY;  the 
coordinates  of  the  P.  C,  (see  Fig.  67)  will  be 

F=  yi  —  12(1  —  cos  /,)  =  yi  —  iJvers Ii,  .    .    (147) 
sr'  =  a?, -i?sln/, (148) 

144.  DeflectionpanglM.— With  the  transit  at  the  RT.O.  (or 
P.T.i  in  backing  up)  the  tangent  of  deflectionaugles  may  be 

found  from  the  relation  tan  d  =:  ?.    Dividing  (189)  by  (141), 

X 

.     tan^  =  ^+.009528w»i«  +  .000167w*i"+ (149) 

From  trigonometry  the  expansion  of  the  angle  in  terms  of  its 
tangent  is 

«  =  tan^ -itanM  +  itan»d-etc      .    .    .  (a) 

In  (149)  write  ml^  =  0  and  substitute  in  (a) : 

9  =  t-  .OO28230*  -  .OOOO680» 050) 

o 

FEOtt(188)and(148X 

in  which  ^  =  n.    From  (ft).  0  =  hn^,  and  this  in  (150)  gives 

«  =  i'n«  -  .002828/i«»«  -  .000068/,»n".  ...(«) 

o  • 

Both  ^  and  h  are  in  circular  measure  ;  to  reduce  to  degrees 
multiply  by  joa  This  gives,  neglecting  terms  involving  higher 
powers  ot  h  than  the  third, 

^'^  =  4- '*•-   00000086 /i»n« (151) 

o 

'The  sQCopd  J^erpi  is  quite  sm^ll,  and  in  most  cases  may  be  en^ 
tirely  neglected  in  practice.  Dg,,,,^, ^y Google 
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With  the  instrument  at  any  intermediate  point  vl'y"  the  defleo 
tion-angle  for  any  point  ity,  measured  from  initial  tangent,  will  be 

tan  d  =  |-^^!  «  i(«»^*  +  mX"^  +  rnW)  +t4j(«»V  +  mH"*) 

+  ^{mHH'*  +  mHr*)+  ^{mHH"^  +  i»«W"*+wV^'»)+  . . . ,  (152) 

in  which  powers  of  mP  higher  than  the  third  have  been  neglected. 
Substitute  the  value  of  tan  S  from  (152)  In  (a),  write  mV  =:  <f>  = 
/,n',  ml"^  =  0"  =  iin"»,  by  (b),  and  reduce  circular  measure  to 
degrees,  giving 

/ 

^,  =  ~(n»  +  n"«  +  n»")  -  a  small  correction.       (153) 
8 

For  instrument  at  RT.C,  »"  =  0  ;  then  (153)  yields 

/* 
(^a*)  =  "s^w*  —  correction, 
o 

or 

(V)  =  ^\--5o (154j 

(154)  is  the  same  as  (151),  as  it  should  be. 
For   the   transit   at    the    quarter-point    of  transitioB-curve 


n"  =  T  =  1^*  =  i;  tl»en  (153) yields 


(V)  =  y <«•  +  A  +  in)  ^  correction, 
or 

{9C)  =  y  ^i  -  -5^ (15f^ 

For  transit  at  mid-point  of  transition-curve  n"  =  \,  and.  from 
(158). 

(«*•)  =  y(n«  +  J  +  in)  -  correction. 
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For  transit  at  three-quarter  poiDt  n^  s  }  and 


or 


/.•* 


For  transit  at  P.Ci  n"  ss  1  and 


(«,•)  =  ^V  +  1  +  n)  -  oorrectloQ» 
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aw) 


(^.•)  =  :|'^.-ft. 


(168) 


With  the  transit  at  the  P.T.C.i  it  will  frequently  be  most  am- 
venient  to  measure  the  deflections  from  the  tangent  to  the  circular 
corve  at  that  point.  Sometimes  this  will  algo  be  the  case  for  the 
tvansitattheP.a,. 

By  reference  to  Fig.  68  it  will  be  seen  that  for  the  transit  at  3 


the  deflection  from  the  tangent,  to  the  circular  curve  at  the  P.  (7. i. 
which  locates  a  point  on  the  transition  curve  (as  .6  in  the  figure), 
is  given  by  the  equation  (5c °)  =/i—  (5i°),  or 
'(5,o)  ^  7^o_  ^:|!^,  +  :|!  4:  :|!n  -  5i)  =  ^(2  -  n«  -  n)  +  ft, 
or,  if  Table  XY  is  to  be  used. 
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Table  XV  gives  the  values  of  A  aod^  for  the  five  positions  of 
instrument  for  which  equations  (154)  to  (159),  inclusive,  were  d^ 

duced.    The  value  of  A  must  be  multiplied  bj  -^ ,  Imt  B  is  taken 

o 

direct  from  the  table  in  thousandths  of  a  degree. 

If  deflection-angles  are  wanted  for  other  positions  of  the  instm- 
ment,  or  for  other  points  on  the  curve,  they  may  be  computed 
from  equation  (158). 

145.  Tables.— Three  tables  are  given  for  use  with  transition- 

curves. . 

Table  XIV  was  computed  for  use  with  formulas  (140)  and  (142) 
in  determining  C  and  E ;  <f>  being  assumed  and  0  and  E  com- 
puted. 

Table  XY  gives  A  and  B  for  computing  the  deflection-angles 
by  (154),  (155),  (156),  (157),  (158),  and  (169)  for  20  equidistant 
stations  on  the  transition-curve.  For  points  not  given  in  the 
table  A  and  B  must  be  interpolated.  Linear  interpolation  will 
suffice  In  most  cases,  though  when  //  is  quite  large  second  differ- 
ences may  be  preferable  for  A,  B  is  given  in  the  table  in  thou- 
sandths of  a  degree. 

Table  XVI  was  calculated  by  assuming  U  in  lengths  varying 
by  increments  of  20  feet,  then  computing  /i°  by  (146),  yx  by  (139), 
Xx  by  (141),  F  by  (147),  and  x'  by  (148).  y,  and  Xx  will  also  be 
given  more  directly  by  (140)  and  (142)  with  the  aid  of  Table  XTV. 

The  excess  in  length  of  transition-curve,  measured  from  P,T.G. 
to  the  point  on  offset  at  P. (7.,  over  x'  is  tabulated  m  e;  I'  is 
found  by  trial  such  that  when  inserted  in  (141)  or  (142)  the  same 
value  of  x^  will  be  obtained  as  in  (148).    This  may  be  done  by  as- 

h 

trials  will  rarely  be  needed  to  find  a  sufficiently  close  value  of  T; 
then  «  =  r  -  jr'.  y'  is  found  by  (139)  after  finding  T,  or  0' 
may  be  found  from  (b)  of  144,  and  used  in  (140)  in  connection 
with  Table  XIV.  ^i  -  I'  is  the  length  from  O  (Pig.  67)  to  the 
P.Ci;  the  difference  in  length  between  this  and  the  length  of 
circular  curve  from  P,G,  to  P.  C.x  is  tabulated  as  <' ;  that  is,  ^  = 
(^1  -^  V)  —  arc.   -Then  6  -f  «'  =  ^,  —  (a<  -f  circular  arc). 

For  values  of  li  intermediate  between  those  given  in  the  table 
linear  interpolation  will  suffice,  though  second  differences  may 
bp  used  for  Fand  yx  if  preferred.  ^         , 
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146.  To  Unito  the  Two  Branches  of  a  Oompound  Gurre  by 
a  Transition-curve. 

The  same  objections  bold  to  compound  curves  as  to  simple 
curves  uniting  with  a  tangent ;  i.e.,  where  there  is  a  sudden 
change  of  curvature  there  should  be  a  sudden  change  of  super- 
elevation of  outer  rail,  which  of  course  is  not  allowable.  Instead 
of  compounding  the  curves,  we  may  offset  them  at  the  P.  0.(7. 
and  unite  them  by  means  of  a  portion  of  a  transition-curve  tangent 
to  each  of  the  simple  curves. 

In  Fig.  69  AB  and  CELMhre  the  simple  curves  that  are  to  be 
united  by  the  transition-curve  AUK   £xtend  the  transition-curve 


to  G,  where  its  radius  of  curvature  becomes  infinite,  and  let  03 
be  its  tangent.  Call  the  length  of  transition-curve  from  Oto  A 
li ,  from  G  to  E  1$,  and  from  ^  to  A  h,  E  and  A  are  points 
of  tangency  of  simple  and  transition  curves.  Then  ^a  =  ^i  —  U' 
The  coordinates  of  A  are  08  =Xi,  8A  =y,  ;  and  of  V{WV 
perpendicular  to  08),  OW  =  Xx\  WV  =  Fu  of  E,  OP=x», 
EP  =  ys ;  of  X  {LH  perpendicular  to  08),  OH  =  Xt\  HL  =  Ft, 

The  radius  of  curvature  of  transition-curve  is  inversely  pro- 
portional to  its  length  from  O ;  hence  the  curvature  is  propor- 
tional to  the  length  ot  curve;  therefore  l»:li  =  JD»:Di,  whence 


h=:l 
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Then        hz   /i-^  =  «ifl- J'W^i^f^^.  .    .     aM) 

By  (188)  or  (148),  ^  "  (I/' 

EquallDg  the  yalue  of  7s  from  this  eqnatkm  to  that  lesaltiiig 
from  (146)  givee 

'-''i^)'-^- « 

WV  =  Ft  and  EL  =  F»  may  be  taken  from  Table  XVI  with 
h  and  ^s  as  arguments.  Then  0,  Tr=  jB,  +  ^i  OtH^  B9  +Ft 
Draw  OiT parallel  to  G8,  then  OiT  =  WE;  hence 

0,r  =  (A  +  F,)  -  (A  +Fi% 

and  Oir-«/-as,'. 

Therefore 

^^  =  (ig.+^)rg,+yo'  •  •  •  ^^' 

0,0,  =  (a?/  -  aJsO  cosec  a  =  Vo^  +  5^.      .    (164) 
Then  CH  =  (70,  -  BOt, 

or  ^,  =:  iJ,  -  (iJ,  +  OlOtX (165) 

The  lengths  of  ^P  and  CB  are 


^B=^'°^''°100, (166) 

C^=  ^^^-^^100. .    (167) 

The  excess  of  transition-curve  length  over  AB  +  CSIb 
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If  AB  and  OB  are  quite  sharp,  we  must  take  account  of  the 
arc  excess,  so  that  we  have  then 


,.  =  ;,- r^il^  +  l^JlOO  +  arc  excess! 


(168') 


The  arc  excess  may  be  taken  from  the  second  column  of 
Table  IV,  which  gives  the  arc  length  for  one  station;  this  multi- 
plied by  the  number  of  stations  gives  the  curve  length,  which 
may  replace  the  values  within  the  brackets  in  (168'). 

147.  Length  of  Transition-curve  to  be  Taken. — In  practice 
the  rate  of  change  of  superelevation  of  outer  rail  ordinarily 
varies  from  about  l-rl200  to  l-r340.  Call  this  rate  k;  then 
Ml  must  equal  the  superelevation  of  outer  rail  for  circular 
curve.  This  superelevation  wiD  depend  both  upon  the  degree 
of  curve  and  upon  the  velocity  and  is  generally  fixed  to  suit  the 
fastest  moving  passenger  trains,  though  in  order  that  it  be 
not  excessive  for  slow  moving  freight  trains,  its  limit  in  practice 
is  about  8  inches.  Where  the  superelevation  of  outer  rail  is 
less  than  2  inches,  transition-curves  need  not  be  employed. 

By  (136) 

'^^"SR    17190' 
from  which 


Ir- 


V^D 


(169) 


17190A;' 

The  following  table  gives  values  of  k  in  feet  per  degree  of 
curve  for  a  few  values  of  V  and  k» 


TABLE  OF  VALUES  OF  h  FOR  VARIOUS   VALUES  OF  V  AND  k. 


k 

Velocities  in  Miles  per  Hour. 

30 

35 

40 

45 

50 

55 

60 

65 

70 

1-5-1200 
1-5-900 
1-S-600 
1-5-340 

63 
47 
32 

18 

86 
64 
43 
24.5 

112 
84 
56 
32 

142 
106 

71 

40.5 

175 

131 

87 

50 

212 
158 
106 
60.5 

252 

188 

126 

72 

296 
221 
147 
84.5 

343 

257 

171 

98 

The  following  quotation  is  taken  from  the  Manual  of  the 
American  Railway  Engineering  Association,  edition  of  1911, 
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''Easement  curves  should  be  used  on  all  curves  requiring 
an  elevation  of  2  inches  or  more  for  tha  highest  permissible 
speed. 

"The  choice  of  easement  curves  should  be  governed  by  the 
ultimate  possibilities  as  to  speedy  with  consideration  as  to 
probable  revision  of  the  worst  features  of  alignment,  rather 
than  by  existing  schedule  speed. 

"On  curves  of  6  degrees  and  over,  which  are  limiting  curves 
as  to  speed,  easement  curves  not  less  than  240  feet  long  should 
be  used. 

"On  curves  of  less  than  6  degrees  which  are  limiting  curves 
cs  to  speed,  easement  curves  should  be  used  whose  length  in  feet 
is  not  less  than  5}  times  the  speed  in  miles  per  hour  calculated 
for  an  elevation  of  8  inches. 

"On  curves  which  are  not  limiting  curves  as  to  speed,  ease- 
ment curves  should  be  used  whose  length  in  feet,  when  the 
rail  is  elevated  for  the  ultimate  speed,  will  be  not  less  than. 
30  times  the  elevation  in  inches  nor  less  than  two-thirds  the 
ultimate  speed  in  miles  per  hour  times  the  elevation  in  inches. 

"Longer  easement  curves  than  the  minimum  lengths  rec- 
ommended may  be  used  to  advantage  and  often  with  increased 
convenience  in  their  appUcation,  but  any  considerable  increase 
in  length  is  wholly  mmeoessary  and  should  never  be  made 
without  careful  consideration  as  tp  the  effect  on  cost.  For 
minor  curves,  an  increase  in  length  of  about  50%  over  the 
minimum  is  reconmiended  when  such  increase  will  not  seriously 
affect  the  cost,  nor  adversely  affect  the  degree  of  curve.  The 
minimum  length  recommended  should  be  used  in  all  cases  where 
greater  length  would  adversely  affect  the  degree  of  curve. 

"Easement  curves  should  be  used  between  curves  of  dif- 
ferent degree  in  the  same  way  that  they  are  used  between 
curves  and  tangents. 

"The  curve  elevation  should  be  run  out  in  the  same  distance 
as  the  length  of  easement  curve,  with  no  elevation  on  tangent 
and  full  elevation  on  the  circular  curve." 

The  following  table  shows  values  of  k  which  agree  with 
the  minimum  values  foimd  by  above  rules  for  various  speeds, 
to  the  nearest  20-ft.  interval,  for  which  values  the  necessary 
quantities  may  be  taken  directly  from  Table  XVI.  The  max- 
imum permissible  superelevation  of  outer  rail  is  limited  to 
about  8  inches.    For  3°  curves  and  over,  the  last  value  of 
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2i  given  in  the  table  corresponds  to  this  superelevation.  For 
higher  speeds  than  those  for  whicl  the  last  value  of  the  length 
of  transition  curve  is  given,  where  such  higher  speeds  are  per- 
missible, the  Tninimum  length  of  ^i  should  be  increased  from 
10  to  50%. 


TABLE  OF  MINIMUM  VALUES  OF  h,  IN  FEET,  FOR  VARIOUS 
VALUES  OF  V,  IN  MILES  PER  HOUR,  AND  CURVES  VARYING 
FROM   1   TO   15   DEGREES. 


Degree 
of  Cir- 

Velocities 

n  Milee 

per  Hour. 

cular 

Curve. 

30 

35 

40 

45 

50 

'  55 

60 

65 

70 

1 

80 

100 

120 

160 

2 

"so' 

"80* 

120 

160 

200 

320 

320 

3 

"60 

'  *80 

100 

120 

160 

220 

280 

840 

4 

,80 

100 

120 

160 

220 

300 

5 

loo 

120 

160 

200 

260 

6 

100 

140 

180 

240 

7 

120 

160 

220 

280 

8 

140 

200 

260 

9 

160 

220 

280 

10 

180 

240 

11 

200 

240 

12 

220 

13 

240 

14 

240 

15 

240 

Sometimes  the  tangent  between  the  P.T,  of  one  circular 
curve  and  the  P,C.  of  the  next  is  so  short  that  even  the  mini- 
mum length  of  transition  curve  given  above  can  not  be  obtained, 
in  which  case  shorter  transition  curves  must  be  put  in,  for 
even  a  short  transition-curve  is  better  than  none.  The  en- 
gineer should,  however,  endeavor  to  leave  ample  room  for 
transition-curves  and  also,  wherever  possible,  additional  inter- 
vening tangent. 

Example. — Required  the  minimum  length  of  transition- 
curve  to  be  used  when  the  train  velocity  is  45  miles  per  hour 
and  the  degree  of  circular  curve  5. 

By  the  first  of  the  two  foregoing  tables  the  length  of  transition- 
curve  would  be  40.5X5  =  202.5  feet,  and  by  the  second  200 
feet,  which  is  the  value  to  be  used  unless  there  is  plenty  of 
room  for  a  longer  transition-curve,  which  at  the  same  time  will 
not  increase  the  cost  unduly.  In  such  event  use  260  or  even 
.300  feet.  r^        t     * 
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When  only  a  short  tangent  intervenes  between  two  curves 
shorter  transition-curves  must  be  taken,  requiring  larger  values 
of  k,  so  that  overlapping  may  be  prevented. 

For  illustration  suppose  a  5^  cui*ve  to  be  eased  off  with  a  tran- 
sition-curve, the  highest  ti*aiu -speed  being  45  miles  per  hour  and 

*  =  oL-    By  the  table  the  value  of  h  will  be  71  X  6  =  855  feet, 

so  that  we  should  probably  take  a  860-ft.  transition-curve,  re- 
quiring an  offset  of  4.7  feet  by  Table  XYI. 

Abticle  12— Field-work. 

A      Field  Formulas.    . 

148.  For  the  cases  most  frequently  presenting  themselves  iii 
practice  the  foregoing  formulas  may  be  simplified  so  as  to  admit 
of  the  rapid  location  of  points  on  the  transition -curve  with  all  the 
accuracy  needed  on  location,  though  it  is  best  to  use  the  exact 
formulas  and  tables  in  setting  track-centers  on  the  finished  road- 
bed. When  the  transition -curve  angle  is  quite  large  it  will  be 
better  to  use  the  accurate  methods  on  location  also,  but  for  the 
more  common  cases  the  following  formulas  will  answer. 

149.  Simplified  Formulas.— In  (139)  and  (140)  neglect,  as 
small,  all  the  terms  following  the  first,  giving 

y  =  ^'  =  |z=.005818Z<^' (170) 

In  (141)  and  (142)  retain  only  the  first  two  terms 

in  which  the  last  term  is  small  for  shoit  transition-curves  and 
may  often  be  neglected,  x  being  taken  equal  to  L 
The  values  of  m  and  /i  remain  as  before  : 

*^"'2iai"~  11460ii' "^^ 
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In  (147)  expand  cos  /i,  giving 

F=yi-R(ih^-^Ii*+jhIi'-  .  .  .) 
Substitute  B=^,  by  (145),  and  retain  only  first  two  terms: 

F^y^ — 4"- 

But  Wi=3yi,  by  (170),  since  0=/i  and  y=yi  when  l=li] 

/.  F=y^-\yi  =  iyi (172) 

At  the  P.Ci  y=yii  l=li  and  0=/i,  which  value  substitute 
in  (170)  and  then  write  /=|^  by  (146),  F=pi  by  (172) 
and  there  results 

F=j(o.005818iix|^*0.0000072725Zi«i>),  .    (172)i 

or,  nearly  enough,  in  many  cases, 

/?'=0.0000073?i«D*' (172)'i 

By  solving  (172i)  for  h  in  terms  of  F  and  i>°,  we  get 

t=371-y^  (nearly  enough).     .    .    .     (172)2 

Expand  sin  7i  in  (148),  and  write  ^=^'t 

»'=aji-i2(/i-i/i»+Tk/i'^-  .  .  .)=a;i-§&+AWi*  .  .  . 

But  xi^k—hUi^  by  (171); 

/.  x'=ii-^i/i2+AWi»-iii  =  iii  (nearly).     .    (173) 

By  (170), 

!^  =  im(iZi)»  =  imXiii«=J2/i  =  i/^.    .    .    .    (174) 

In  (154),  (155),  (156),  (157),  (158),  and  (159)  neglect  the 
correction;  then 

(5o")=^Ao=^», (176) 

(5i«)«^Ai-:^(2-n«-n).    .    .    .    (176^ 
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(V)  =  ^^4 (177) 

(V)-^\ (IW) 

(V)=^^i (IW) 

(V)  =  ^^      ......    (180) 

160.  Offiiets. — Formula  (170)  shows  that  offsets  from  transition- 
curve  to  tangent  vary  as  the  cube  of  the  distance  from  the  P.  T,C,, 
and  it  can  be  shown  that  offsets  from  the  circular  curve  to  tiaa. 
sition-curve  follow  the  same  law,  reckoning  from  the  P.C.u 

Formula  (86)  may  be  written 

s^=Ai'I>) W 

in  which  D  is  the  degree  of  curve  if  offset  is  from  tangent,  and  the 
difference  of  degrees  if  offset' is  between  two  curves  having  a  com-* 
mon  point  of  tangency,  I  being  reckoned  from  the  tangent-point 
From  (136)  and  (137), 

~  =     =-L 
and  the  degree  of  transition-curve  at  any  point  Is 

D,  =  —  =  11460mi  ^a.    .    .    .    .    (181) 
H 

Formula  (181)  shows  that  the  degree  of  curvature  of  transition- 
curve  at  any  point  is  a  function  of  its  length.  If  the  D  in  (a)  iA 
the  difference  between  degrees  of  circular  and  transition  curves,  it 
will  equal  J9|  —  A ,  which  is  also  a  function  of  the  length;  so 
in  (a)  write  D  =J\l),  giving 

•  =/'(Z').     .......    (183) 

which  shows  that  the  offset  between  circular  and  transition  curves 
varies  as  tfie  cube  of  the  distance  from  P.Cli.  The  offset  at  the 
P.  0,  is  known,  being  half  of  F,  and  may  therefore  be  found  for 
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other  points ;  thus  midway  between  P.  €.  and  P.  0,  i  it  will  be  one 
eighth  of  its  value  at  P.O.,  or  ^F 

161.  Compound  Ourres.— By  trial  it  has  been  found  that  e% 
^see  formulas  (168)  and  (168')— equals  6-\-  tf  from  Table  XVI 
when  the  table  is  entered  with  2>  =  2>i  —  2>t  and  1%  as  arguments, 
up  to  about  D\l\  =  8000,  which  covers  all  cases  in  ordinary  rail- 
road practice ;  so  we  write 

e%^t  +  ^ (188) 

The  distance  AB  on  shavper  curve  is  found  by  trial  to  equal 
^h  up  to  about  Dill  =  4000,  which  answers  for  the  ordinary  cases 
arising  in  practice.  When  Dili  is  greater  than  this  AB  (of  Fig. 
69)  must  be  found  from  (166). 

The  point  N  can  be  token  midway  between  0  and  B,  for  the 
radius  of  transition-curve  decreases  uniformly  from  Rt  to  Bi  and 
may  be  here  taken  as  their  mean ;  hence  the  offset  BN=z  NC  = 
\F^,  Other  offsets  may  be  found  from  the  relation  given  by  (182). 
Thus  the  offset  midway  between  A  and  B  will  be 


Other  offsets  may  be  obtained  if  desired. 


B.  Setting  Out  Transitfon-cunea. 

162.  Given  h  to  Find  F^  or  Given  F  to  find  h. — In  first  locating 
the  line  it  will  ordinarily  be  sufficient  to  simply  offset  the  curve 
at  the  P.O.  the  amount  fixed  upon  to  allow  for  insertion  of 
the  transition-curve  and  then  to  run  the  circular  curve  in  the 
usual  way  after  bringing  the  telescope  parallel  to  the  tangent 
frcHn  which  the  offset  was  taken  while  the  transit  was  centered 
over  the  P.O.  At  the  P.T.  a  similar  offset  is  made  and  the 
tangent  parallel  to  the  terminal  tangent  of  the  circular  curve 
continued.  If  the  conditions  are  such  that  k  is  fixed  in  length, 
or  can  be  assumed,  F  may  be  computed  by  (172)i,  or  may  be 
taken  from  Table  XVI  with  k  as  argument.  If  F  is  given, 
h  may  be  computed  by  (172)2  or  may  be  taken  from  Table 
XVI  with  F  as  argument,  interpolating  if  necessary  in  either 
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163.  Location  by  Offsets, — ^Having  given  k  or  F,  as  the  case 
may  be,  determine  F  or  l^t  as  suggested  in  162.  At  the  P,C, 
bisect  the  offset  and  set  a  stake  at  that  point;  then  measure 
back  along  tang^it  the  di^nce  x',  which  for  most  cases  may 
be  taken  as  ih — see  formula  (173) — and  set  a  stake,  marking 
it  P,T.C,  From  the  P.C.  measure  forward  around  the  circular 
curve  a  distance  equal  to  /i°  divided  by  the  degree  of  curve, 
2),  which  distance  approximately  equals  i^i.  Here  set  a  stake 
marked  P.Ci.  At  the  quarter-point  offset  from  tangent  an 
amoimt  equal  to  ^F,  for,  by  (170),  the  offsets  are  proportional 
to  the  cube  of  the  distance  from  the  P.T.C.,  so  that 


yMwh^^'- 


At  the  three-quarter  point  offset,  the  same  amount  from 
circular  curve.  If  the  transition-curve  is  not  over  300  feet  long, 
this  will  be  all  the  points  needed  for  grading,  but  if  longer, 
other  offsets  are  found  in  a  similar  manner  for  the  eighth 
points. 

Example. — Opposite  station  2420  on  a  tangent  an  offset 
is  to  be  made  to  the  P.C,  of  a  5°  0'  circular-curve  to  left  and 
transition-curves  inserted,  the  maximum  operating  train  speed 
to  be  50  miles  per  hour.  Required  the  values  of  k  and  F, 
and  the  offsets  at  eighth-points  of  transition-curve,  aAcmming 
h  to  be  30%  longer  than  the  permissible  minimum. 

By  the  first  table  of  147  the  minimum  value  of  k  is  50X5 =250 
feet,  while  the  second  table  gives  260  feet,  this  latter  value 
being  to  the  nearest  20-ft.  interval.  Adding  30%  to  the  first 
value  we  get  325  feet,  and  to  the  second,  338  feet.  We  may 
use  either  320  or  340  as  the  value  of  Zi.  We  will  take  340 
feet  as  the  length  of  transition-curve. 

By  (172)i,  /^= 0.0000072725  X  (340)2X5 =4.20  feet,  which  is 
the  same  value  of  F  found  under  a  5°  curve  opposite  ii=340 
feet  in  Table  XVI.  This  table  also  gives  a;' =  169.9,  but  for 
all  practical  purposes  it  might  have  been  taken  as  170  feet, 
or  one-half  of  li.  The  excess  length  of  transition-curve  over 
tangent  up  to  the  P.C.  is  given  as  0.02  foot,  which  we  neglect 
as  relatively  small.  By  formiila  (146),  or  by  Table  XVI, 
/i^=8.5^  and  2/' =2.1  feet  (  =  iF  by  (174)).  Drive  a  stake 
2.1  feet  from  offset  hub  on  radius  throu^  P.C.  produced, 
and  mark  it  2420;  measure  back  along  tangent  169.9  feet  to 
station  2418+30.1,  and  drive  a  stake  marked  P.T.C.    Measure 
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forward  around  circular  curve  8.5h-5»1.7  stations =170  feet, 
and  set  a  stake  marked  P.Ci  at  sta.  2421+70.1. 

The  appx>ximate  offsets  at  the  one-eighth,  quarter,  three- 
eighths,  and  one-half  points  are  set  off  at  right  angles  to  the 
tangent,  and  from  the  circular  curve  on  radial  lines  equal  offsets 
are  made,  reckoning  back  from  the  P.C.i.    These  offsets  are: 

At  mid-point  ( =2420),  the  oflfset  is  ( =i  -4.2  =2.1  feet. 

At  one-eighth  point.  Bta.  2418  +72.6,  t  =2.1  X (i)*  =0 . 033  ft. 

"quarter-point  "    2419+15.1, « =2.1  X(i)»  =0.033X2*  =0.26     " 

••  three-eighth  point  "    2419+57.6,  « -2.1  X(i)«  =0.033  X3»  =0.89     " 

••mid-point.  "    2420  <=§F  =  iX4.2  =2.10     " 

••  five-eighth  point  "    2420+42.5,  <=  -0.89    " 

•*  three-quarter  point  "    2420+85.0,/=  -0.26    " 

•*  seven-eighth  point  **    2421+27.5,*=  -0.033" 

Offsets  at  the  eighth,  quarter,  and  three-eighth  points  are 
set  off  from  the  tangent,  and  those  at  the  five-eighth,  three- 
quarter,  and  seven-eighth  points  from  the  circular  curve.  11 
desired,  aU  offsets  may  be  figured  from  the  tangent  and  set 
off  therefrom.  Thus,  for  the  five-eighth  point  the  distance 
from  the  P.T.C,  of  that  point  is  five-fourths  of  the  distance 
from  the  P,T,C,  to  the  P.O.,  and,  therefore,  <=2.lX(f)'=4.1. 
At  the  three-quarter  point  the  offset  is  equal  to  0.26X3' =7.02 
while  at  the  seven-eighth  point  it  is  11.25  feet. 

154.  Location  by  Deflections. — Ordinarily  the  entire  tran- 
sition-curve is  run  from  the  P.T.C,  its  length  being  divided 
into  any  ccmvenient  number,  n,  equal  parts — the  correction 
Bo  being  neglected.  The  quantity  Ao  of  (154)  and  (175)  is 
simply  n*.  From  the  P.C.i  the  circular  portion  of  the  curve 
is  run  in  the  usual  way  to  the  P.T.Ci.  The  terminal  tran- 
sition-curve may  now  be  backed  in  from  the  P.T.i  in  precisely 
the  same  way  as  the  initial  transition-curve  was  run,  or  it 
may  be  run  by  deflections  from  the  tangent  to  the  circular  curve 
at  the  P.T.C. I,  In  the  latter  case  Formula  (159)  apphes,  or 
formula  (180)  may  be  used  by  neglecting  the  small  correction 
Bi.  In  both  formulas  Ac=2— n^— n.  Only  in  very  unusual 
cases  will  it  be  necessary  to  run  any  part  of  the  curve  from 
the  quarter,  half-  or  three-quarter  points.  This  can  readily 
be  done,  however,  by  the  application  of  the  appropriate  formulas 
in  Sections  144  or  149.  Tliosewho  prefer  to  make  use  of  Table 
XV  instead  of  applying  the  formulas  may  take  the  values  of 
Ao,  Ac,  etc.,  directly  from  the  tables,  and  these  values,  when 
multiplied  by  one-third  of  h^,  give  the  deflection  angles  to 
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be  used.    Table  XV  provides  for  as  many  as  20  points  on  the 
transition-curve,  but  ordinarily  10  will  suffice  and  sometimes 
even  5  or  4.    When  the  table  is  used  the  nimiber  of  chords 
on  the  transition-curve  must  be  an  aliquot  part  of  20. 
Example. — ^Take  the  same  example  as  in  the  last  section, 

for  which  ii =340  feet  and  Z)=5^  By  formula  (146)  /i*'=^^^ 
«*8.6®,  the  same  as  given  by  Table  XVI.  Assume  8  chord 
lengths  of  40.5  feet  each.  J/i** =2.83333**  =  170'.  By  formula 
(175)  the  deflection-angles  will  be,  for  the  transit  at  the  P.T.C. 
=Sta.  3418+30.1: 
For  sta.  2418+72.6,  (Oi  =170'XA=  =0*»  2.66' 

''  2419+15.1,  (5o^)i  =  170'XA=2.66'X  4=0M0. 6' 
'*  2419+57.6,  (Of  =  170' X A  =2.66' X  9=0^23.9' 
"  2420+  .01,  (Oi  =  170'X  1=2. 66'X16=0^  42.5' 
"  2420+42.6,  (Of  =^170'XH=2.66'X25  =  1^  6.4' 
"  2420+85.1,  (Oi  =  170'XA=2.66'X36  =  1^35.6' 
''  2421+27.6,  (Oi  =  170'Xif=2.66'X49=2*'10.1' 
*'    2421+70. l(=P.C.i),  (Oi     =170'  =2^50' 

At  the  other  end  of  circular  curve,  the  deflection-angles,  meas- 
ured from  the  curve  tangent,  and  taken  in  order  from  the 
P,T.C.i  will  be,  by  the  appUcation  of  formula  (159),  for  suc- 
cessive points: 

(Ol=(2-tt-|)-170'Xtt«r  1.1' 
(5c^)i  =  170'X(2-A-J)  =  170'Xll  =  1^56.9' 
and  similarly  for  other  points. 

Had  we  preferred  to  make  use  of  Table  XV,  either  10  chords 
of  34  feet  each,  or  5  chords  of  68  feet  each,  could  have  been 
used.  Assume  10.  For  transit  at  the  P.T.C.  the  deflection- 
angles  will  be 

For  sta.  2418+64.1,  (5o°).i  =  170'X.01  =  1.7' 
'*     *'    2418+98.1,  (O-2  =  170'X. 04  =  1. 7'X4=  6.8' 
'*     ''    2419+32.1,  (5o°)8  =  170'X. 09  =  1. 7'X9  =  15. 3' 
and  similarly  for  the  remaining  points. 

For  the  transit  at  the  P.T.C.i,  deflections  from  tangent  to 
circular  curve,  the  angles  would  be : 
For  first  point,  34  feet  from  instrument, 

(O.»  =  170'X.29=0°49.3' 
For  second  point,  68  feet  from  instnunent, 

(5c°).8  =  170'X.66  =  l°  35.2'^ 
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and  smiilarly  for  other  points  until  the  P.T.i  has  been  reached. 
Set  up  the  transit  over  this  point,  which  is  at  sta.  2421+70.1 
for  above  example,  backsight  to  the  P.T.Ci  and  deflect  J/i**  = 
2°  SC,  when  the  telescope  will  be  in  tangent  and  the  line  may 
be  continued. 

165.  The  Transit  Notes  may  be  kept  in  any  convenient 
form  which  will  enable  another  engineer,  whether  familiar 
with  that  form  or  not,  to  readily  imderstand  them.  The  form 
which  follows  (see  Table  on  page  136)  will  answer  the  purpose 
the  notes  given  being  those  for  the  example  of  164  when  the 
angle  between  terminal  tangents  is  7=45°  30'. 

It  would  have  been  sufficient  to  have  recorded  deflection- 
angles  to  the  nearest  minute,  or  half  minute,  according  to 
the  degree  of  precision  with  which  the  transit  vernier  can  be 
read,  but  for  the  piupose  of  checking  the  computations  for  the 
foregoing  example  they  have  been  recorded  to  the  nearest 
tenth  of  a  minute. 

The  length  of  the  circular  portion  of  the  curve  was  found 
from  it& central  angle,  which  equals  45°  30'  -2  X8°  30'  =  28°  30', 
to  be  570  feet,  which  brings  the  P.T.d  to  sta.  2427+40.1. 
With  the  transit  at  station  2421+70.1,  set  the  vernier  back 
of  the  zero  to  5°40'(  =  |/i°)  and  deflect  into  tangent  with 
vernier  reading  zero;  then  run  the  circular  curve  to  station 
2427+40.1.  With  the  transit  set  over  this  station  set  the 
vernier  to  14°  15'  back  of  the  zero  if  the  whole  curve  has  been 
run  from  the  P.C.i,  transit  the  telescope  Mid  bring  vernier  to 
zero,  when  the  telescope  will  be  in  tangent.  When  the  second 
transition-curve  has  been  run,  set  up  at  sta.  2430+80.1,  back- 
sight on  2427+40.1  and  deflect  2°  50'  into  tangent  at  the  P.T.i. 

The  terminal  transition-curve  is  not  necessarily  of  the  same 
length  as  the  initial  one  for  a  given  circular  curve,  but  in  such 
case  it  is  to  be  run  out  in  the  same  manner. 

The  necessary  computations  for  transition-curves  are  a  little 
more  troublesome  than  for  circular  curves  because  the  central 
angle  is  proportional  to  the  square  of  the  length  of  curve  from 
the  P.T.O.  (see  formula  (138))  instead  of  the  first  power,  as 
for  circular  curves,  and  also  the  angle  to  be  deflected  from 
the  tangent  when  the  transit  is  at  the  P.T.C,  is  one-third  the 
central  angle  instead  of  one-half.  The  extra  work  in  making 
computations  is  small,  however,  and  otherwise  it  is  as  easy 
to  run  one  curve  as  the  other.  ^        j 
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Abticlb  18.    Tbanbitioncttryb  Problbxb. 

166.  To  Find  the  Tangent  Distance  and  Bzternal  when 
Tnuudtion-cnrTes  are  Employed,  Ofisets  Equal. 

In  Fig.  70  let  AB  be  the  circular  carve,  EF  and  QH  the  tran- 
sition-curyes.  Let  EK  =  HK  =  Ti  be  the  tangent  distances,  and 
NK  =  Ex  the  external  required.    Let  LK  =  2".    Draw  P  V  per- 


FxG.  70. 

pendicular  to  LK\    then  in  triangle  PVK,    FJr=  jP'tan  \I\ 
LK  =  AP-\-  VKia  now  known,  or 


T'  ^  T+Fifai\L 


(184) 

Hence 

Tx^<Kf-\-T'^(xf  +  T-\-Fi2,u\L.    .    .    .    (185) 

In  triangle  PVK»    PK=  Faec  J/,  so  that,  letting  PJV  =  E, 

Ei=E+F8eciI.    . (186) 

Example.— -Two  tangents  intersect  at  sta.  91  +  37  8;  required 
the  tangent  and  external  when  F  =  2.62  ft.,  /  =  26"  SC,  D  =  4". 

By  Table  XVI.  It  =  800,  a?'  =  149.9.  From  Table  IX,  r=  -^^ 

=  887.3.    Then,  by  (185), 

r.  =  149.9  -h  337.8  +  2.62  tan  13''  15'  =  487.8  ft. 

The  station  number  of  P.T.C.  will  now  be  91.378  -  4.878  = 
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By  (186). 

Ei  =  ^^  +  2.62  sec  IS''  16'  =  41.87  ft. 

Table  XVI  gives  ii°  =  6*;  bence  the  circular  curve  will  cover 
26'  30'  -  2  X  6°  =  14°  30',  or  3.625  stations,  so  that  the  number 
of  the  P.T.x  will  be  86.50  -f  (2  X  3.00  +  3.625)  =  96  +  12.5. 

167.  Tangent  Distance,  OfiEsets  Unequal. 

In  Fig.  71,  0,  Jf,  and  K  do  not  lie  in  the  same  straight  line. 


Draw  P8  perpendicular  to  IfB,  PQ  perpendicular  to  LK,    Let 
LA  =:F,MB=:  F', 

T  ^LKz=^  AN-\-  NP  -  JTQ. 
or 

2"  =  r+  F'  cosec  /  -  Foot  J; (187) 

Ti  =  «'  +  2"  =  aj'  +  r+  F'  cosec  J-  J* cot  J;  *  (188) 

T"  =  ilffl=  r- F'cot  J-fi^coseci;   .    .    .    (189) 

T,  =  aj"+ r-i^'cot7+Fcosec7..    .    .     .    (190) 

Example  — Two  tangents  intersect  at  sta.  820  and  are  to  be 
united  by  a  6"  curve  having  F  -  1.75,  F*  -  2.95,  and  /=  31'  48*. 

By  Table  IX,      T  =  ^^^  =  272.05  ft. 


By  Table  XVI.  /i  =  200,  f,  =  260,  «'  =  100,^'  =  129.9. 

Digitized  by  VjOOQTC 


TRANSmOK-GUBYXa 


139 


By  (188), 
r»  =  100  +  372.05  +  a.95  X  coeec  81"  48'- 1.75  cot  81"  48'=874.a 

By  (190), 
Tt  =  129.9  +  272.06 -  2.95  cot  81"  48'  + 1.75  cosec  81*  48' =400.5. 

158.  To   Insert   Transition-curves  without  Changing   the 
Position  of  the  Vertex,  B. 
In  Fig.  72,  ABO  is  the  located  curve,  FOHE  the  curve  after 
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inserting  transition-curve.  The  radius  of  the  circular  portion  has 
been  changed  from  JR  to  i?Mn  order  to  make  room  for  the  offset 
F8  —  F.  BM—  B  is  the  external  to  located  curve,  BL  =  E' 
the  external  to  circular  curve  having  radius  R'  and  centi*al  angle 
/.    In  the  triangle  LNM,  LM  =  LN  Bee  ^I  =  F  sec  J/;  hence 


E'  =  E-  Faecal. 


(191) 


B  may  be  found  by  (24)  or  by  means  of  Table  IX  ;  then  E' 
becomes  known,  and  from  the  same  table  1/  is  found  by  dividing 
the  tabular  Ehy  E*.    1/  will  be  larger  than  D, 

It  is  sometimes  more  convenient  to  assume  ly  and  calculate  E' 
in  the  same  manner  as  E;  then,  from  (191), 


F=z(E''E')coBiL 


(193) 


If  this  value  of  ^is  too  large  or  too  small  for  the  conditions  of 
the  problem,  a  new  ly  can  be  assumed  and  ^recomputed. 
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ExAifFLB.— The  P.  C.  of  a  S"*  curve  is  at  sta.  182,  and  angle 
/  =  40°.  Compute  the  data  for  a  new  curve  to  allow  for  a 
transition-curve  with  1.5  ft.  offset 

Prom  Table  IX,  Ex  =  367.7  for  2  =  40*  ;  therefore 

jr=?l?gi?^=78.H    ^8ec  20'  =  1.5  X  1.0643  =  t6; 

then,  by  (191), 

-B' =  78.64  -  1.60  =  71.94, 
and 

2/  =  —^  =  6.1118*  =  6**  6.678^,  say  5*  T. 

'Bj  Table  XVI.  for  ^»  =  200,  2>  =  5'  T 

F^  1.45  +  ^(1.75  -  1.45)  =  1.485. 
For  U  =  220, 

2?'=  1.76  -f  ^(2.11  -  1.76)  =  1.801. 

Then  for  F=  1.5,  D  =  ^'^  7', 

h  =200-1-20  -^'^  "  ^'^^H^  =  200.9  and  a?'  =  100.4. 
*,       '«*^T^*'"  1,801  -  1  485 

The  central  angle  for  circular  portion  of  curve  is  40  —  2  X  5.13 
=  29.74°,  equivalent  to  581.2  feet  around  curve. 

In  Fig.  72,  B  is  at  sta.  186  on  the  5'  curve,  «iid  arc  BO  =  290.6 
ft.  on  the  5*  7'  curve.  The  P.  6'. ,  is  at  186  -  2.906  =  sta.  188  + 
09.4,  the  P.r.C.  at  183.094-2.008  =  sta.  181  +  08.6,  the 
P. T, 0,1  at  188  +  90.6,  and  the  RT.i  at  190  +  91.4. 

Had  D'  been  assumed  equal  to  5°  6'  or  5.1°  to  begin  with, 

we  should  have  had  E'  =  ^^  =  72.10  ;  then,  by  (192), 
5.1 

F=  1.44  X  .93969  =  1.35  ft. 

<i  may  be  f omid  by  interpolation  from  Table^XVI  as  abo^e. 
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169.  To  Insert  Transition-curves  on  an  Eadsting  Road-bed 
with  the  Least  Deviation  from  Old  Track. 

To  satisfy  this  condition  the  new  track  should  pass  about  as 
far  outside  the  old  at  the  vertex  as  it  does  inside  at  the  original 

P.C;  that  is,  about  —.    We  shall  now  have 


3' 


B'  =^  E~  Faec 


2 


2* 


(IW) 


The  remainder  of  the  problem  may  be  solved  by  168. 

Transition- curves  may  be  inserted  in  old  track  by  shifting  to 
suit  the  existing  road-bed,  thus  adding  materially  to  the  safety 
and  easy  riding  of  cars. 

160.  To  Insert  Transition-curves  at  the  Ends  of  a  Long 
Circular  Curve  without  Moving  the  Central  Portion. 

In  Fig.  73,  AC  18  the  circular  curve.  In  order  to  make  room 
for  the  offset  F  the  ends  must  be  sharpened  by  compounding. 
Let  C  be  the  point  of  compounding,  i?  the  radius  of  the  branch 
CN,  ffiV=  KA  =  F.     Let  BEQ  be  the  transition-curve ;  the 


Fig.  78. 


closer  O  comes  to  C  the  better,  provided  the  change  in  radius  at 
Cis  kept  within  certain  limits.  The  difference  in  degrees  between 
the  original  and  the  sharpened  curve  should  never  exceed  2**  and 
may  usually  be  kept  in  the  neighborhood  of  1°. 

First  Method  — Having  decided  upon  the  value  of  F,  assume 
R  so  that  B'  —  D  is  not  giealer  than  2".     Draw  C/L  parallel 

OL 
to  BH;  Oa  =  R-  R\  and  cos  /'  =  ^^,  <>L.vGoogIe 
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This  is  the  same  as  (69)  in  122.  I'  being  known,  set  the  tiansit 
at  C,  run  out  the  curve  CN,  and  insert  transition-curve  in  the 
usual  way. 

If  /'  had  been  assumed  in  the  beginning,  B'  could  be  found 
frwn  (194). 

Second  Method. — When  the  circular  curve  is  flat,  and  short 
transition-curves  are  employed,  we  may  compound  the  transition- 
curve  with  the  circular  at  the  P.C.i,  taking  care  that  the  differ- 
euce  of  curvatures  is  not  greater  than  1*  or  2**. 

Assume  the  position  of  the  P.Ci  from  100  to  200  feet  from 
the  P.C;  measure  the  perpendicular  let  fall  from  the  P.C.i 
upon  the  tangent  at  the  P.C  produced ;  this  will  be  pi.  The 
central  angle  /i  can  be  calculated,  knowing  the  length  of 
circular  curve  from  the  P.C,  to  the  assumed  P.Ci,  or  the 
angle  between  tangents  may  be  measured  with  the  transit. 
The  coefficients  C  and  E  of  (140)  and  (142)  may  be  found 
from  Table  XIV  with  ii  =  0  as  argument ;  then,  from  (140)  and 
(142), 

^1=5- <^^ 

xx  =  ;,(1  -  iO (196) 

Measure  back  from  the  foot  of  the  perpendicular  let  fall 
from  the  P.C.i  a  distance  Xj  along  tangent,  and  set  the  P,T.O. 

Intermediate  points  can  be  located,  if  needed,  by  offsets 
from  tangent,  computed  by  (140)  or  (170) ;  thus  at  the  mid- 
point the  offset  is  Ipi. 

Third  Method. — From  formula  (170), 


2  yi  _ 

•'■*  .005818/,*  • 


and,  from  (86),  yi  =  Jn*i>. 
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But  fi2>  ss  /,*';  henoe 

h  =  150n  ;.......    (197) 

and  as  lOOn  is  the  length  of  circular  curve  from  P.O.  to  P.C.i, 
li  it  once  and  a  half  as  great. 
From  (148) , 

From  this  equation  ft  is  seen  that  if  the  break  in  curvatures  is 
limited  to  2°,  this  method  is  admissible  up  to  i>  =  6**,  independent 
of  the  length  of  transition-curve. 

ExAMFLB.— A  4**  curve  is  to  have  transition-curves  inserted  at 
each  end;  compute  the  necessary  data. 

By  First  Method. — Assume  a  1.45-ft.  offset,  and  the  curva- 
ture to  be  changed  from  4°  to  5°  by  compounding.  In  Table  I 
find  i?=  1482.7,  B'  =  1146.8;  then,  by  (194), 

1  45 
COB  r  =  1  -  ^,  =  .99494  =  cos  6'  4C. 
«oo.4 

R  7A7 
The  length  of  6°  curve  is  -^^—  =  1.153  stations,  and,  by  Table 

XVI,  Ii"  =  6°,  so  that  the  P.C,  will  fall  15.8  ft.  back  of  the 

JP.C.a,  while  the  P.O.  will  be  moved  forward  ^^  - 1.153  = 

4 

.389  stations  or  38.9  ft. ;  the  P.  T.  0.  being,  by  Table  XVI,  100  ft. 

back  of  the  new  P.O.  will  fall  100  -  28.9  =  71.1  ft.  back  of  old 

P.O.    The  transition-curve  may  now  be  located  in  the  usual 

numner. 

By  Sbcowd  Method.— Assume  the  P.O.i  to  fall  150  ft.  from 
the  P.O.,  making  /,"*  =  1.5  X  4  =  6'.  From  Table  XIV,  0  = 
.03488,  and,  by  (86),  y,  =  i(1.5)»  X  4  =  7.875  ft. 

By  (195), 

'*  =  :08i88  =  ^^-®- 
Now,  by  (146), 

jy  X  225.8 


6  = 


300  n         ] 
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from  which  D'  =  6.814'  =  6'  18.8',  which  (Jiffers  lew  than  V 
from  D 
By  (196), 

0^  =  )^5.8(1  -  .0011)  »  225.6  ft 

To  find  the  position  of  P.T,C.  with  reference  to  the  old  P.O. 

consider  that  the  distance  from  P.  C.  to  foot  of  perpendicular  from 

the  P.  C.  1  is  half  the  chord  for  angle  2/i ,  and  can  be  taken  from 

1     lift?  ft 
Table  IX.  being  equal  to  -^  X  =^^  =  149.7.  Then  225.6  -  149.7 

=  75.9  feet  is  the  distance  from  old  P. Q.  back  to  P.TC. 

By  Third  Method. — Assume  the  P.  (7.  i  to  be  150  ft.  from  the 
old  P.  a ;  then,  by  (197).  ^i  =  225  ft.,  and.  by  (198),  the  curvature 
of  trausition-curre  at  the  P.Ci  is  f  X  4°  =  5'  20',  giving  almost 
the  same  results  as  by  the  second  method.  Had  we  taken  the 
P.C.i  160  ft.  from  P.O.  we  should  have  had  Ix  =  240,  Z>'  =  6"  20'; 
Xi  =^  239.7,  by  interpolation  from  Table  XVI;  the  length  along 
tangent  fi-om  P.G.  to  foot  of  perpendicular  from  P.C.i  159.9  ft, 
and  therefore  289.7  -  159.9  =  79.8  ft.  as  the  distance  from  P.C 

toP.r.a 

161.  To  Insert  Transition-cnrves  at  the  P.O.  and  P. 0.0.  of 
a  Compound  Curve  by  Changing  the  Curvatures  of  the  First 
Branch. 

In  Fig.  74  let  ABV  be  the  located  curve  compounding  at  B. 
Two  cases  occur. 

First  (J m&il.— Second  branch  Tiaoing  shorter  radius. 

The  offset  at  P.  0,0.  must  be  to  outside  of  located  curves;  let  it 
be  EB  =  P,  in  the  figure.    Let  OP  =  P  be  known  or  assumed. 

Draw  the  tangent  BO,  and  draw  EH  parallel  thereta  Let  CE 
be  the  changed  curve,  and  CQ  parallel  to  tangent  AH.  Angle  I 
may  be  computed  from  the  known  station  numbers  of  A  and  B, 
or  may  be  measured  on  the  ground.  The  new  tangent  distance  is 
EQ  =  BO-  OK-^  HQ  (or  LS).  From  the  right  triangle  QHK, 
QK  =  HK  tan  OHK=:  P,  cot  /. 

Similarly,  L8=  LW cosec  7  =  P cosec  I.    Therefore 

r  =PC=  r- P,cot7- Pcosec/.    .    .    (199) 

r  can  be  found  from  Table  IX  or  formula  (14);  then  T'  is 
known  from  (199).  The  degree  of  new  curve,  D*,  may  now  be 
found  by  means  of  Table  IX,  or  from  Table  I  by  first  finding 
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R  bj  (15)     The  trantdtion  curve  at  the  P.  C,  C,  may  be  located  by 
146  and  161 »  while  that  at  the  P.C  may  be  located  either  by 
offsets  or  deflections. 
SscoiTD  Ca8b.— /SS06<md  lyrwMk  having  Umger  radiiu$. 


Q    H 


Pio.  74. 


In  this  case  the  offset  must  be  to  inside  of  curve,  and  US  is  the 
tangent  required.    From  the  figure,  letting  JVB  =  Ft,  N8=:  T, 


T  =  r  +  2?;  cot  /  -  Pcosec  J. . 


(200) 


The  remainder  of  the  solution  is  the  same  as  for  first  case. 

Example. — A  S**  curve  compounds  at  sta.  280  with  a  9*  curve; 
the  P.  (7.  is  at  sta.  272.  Required  the  change  in  curvature  of 
first  branch  for  an  offset  of  1.50  ft.  at  P.C.  C.  and  2.00  ft.  at  P.a 

Here  J  =  8  X  5°  ==  40%  and,  by  (199), 


r  =  417.1  -  1.5  X  1.19175  -  2  X  1.5557  =  412.2 
2085.5 


2>'  = 


412.2 


=  5.06'  =  S*'  3.6'. 


D,  —  i7  =  9  —  5.06  =  8.94*  is  the  difference  in  curvatures  of 
the  two  branches  of  the  altered  curve.  Entering  Table  XVI 
with  this  value  for  D  and  .F  =  1.5  ft.,  we  find :     Google 
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for  li  =  220. 
"  It  =  240, 


J^  =  1.06  +  .94(1.41  - 1.06)  =  1.89; 
F=  1.26+  .94(1.67  - 1.26)  =  1.66. 


for  J'=  1.6,  i>  =  8.94%    ^.  =  220  +  20^^^-^^ 


Bisect  the  offset  at  P.O.  C,  measure  114.25  ft.  along  each  curve, 
and  set  the  ends  of  transition -curve.  Midway  between  these 
points  and  P. CO.  offset  j^  X  1.6  =  0.1  ft.;  these  are  all  the 
points  needed. 

The  length  of  transition-curve  at  P.G,  may  be  found  in  like 
manner,  taking  D  =  5.06°  and  F=  2.0  ft.  as  arguments  in 
interpolating  in  Table  XVI. 

162.  To  Insert  Transition-corves  at  the  Ends  of  Two  Circu- 
lar Curves  of  Contrary  Flexure  united  by  a  Common  Tangent, 

In  Fig.  75  let  the  located  line  be  ABCE;  the  tangent  BG  must 
be  shifted  outward  at  5  and  (7  to  the  position  HQ,  the  relative 
size  of  offsets  being  determined  by  the  nature  of  the  ground. 
The  points  B'  and  C"  at  which  the  tangents  to  circular  curve* 


Fio,  75. 

will  be  parallel  to  HG  will  each  move  towards  8  a  distance  due 
to  the  increase  of  central  angle,  which  increase  equals  B8H=  a, 
for  which  we  have 

Bff+  GG 


tan  a  =  ■ 


BG 


(201) 


Let  the  offset  at  B'  be  F,  and  at  C',  F\    Then 

F  =  (R -^  BE)  cos  a -^E,    .    .    •    . 
2^  =  (iJ'  4-  (76?)  cos  a  —  ^.  ^PQgl^  . 
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F  and  F'^  being  now  known,  the  transition-curves  may  be 
iocated. 

£xAMPiiE. — A  O*"  curve  and  a  4**  curve  are  united  by  a  tangent 
640  ft.  long;  BRiox  6**  curve  =  4.6  ft.;  GQ  for  4'  curve  =  8  ft; 
B  is  at  sta.  180,  G  at  186  +  40.    Find  F  and  F', 

By  (201),  tan  a  =  ^  =  .0189  =  tan  0"*  48'. 

Q 

B  will  be  moved  forward  V  =  -l^^  Btas.  =  13.8  ft.  to  sta. 

o 

a 

180  +  13.8,  and  G  will  be  moved  backwards  V  =  -^  stas.  or  20 

ft.  to  185  +  20. 
By  (202),        i^=  (955.4  +  4.5)0.99990  -  955.4  =  4.4  ft. 
By  (203),       F'  =  (1432.7  +  3)0.99990  -  1432.7  =  2.86  ft. 

These  values  call  for  ^i  =  817.8  ft.  for  6"  curve,  and  ^i  =  818.8 
for  4**  curve. 

Remabe.— It  will  frequently  be  found  that  this  problem 
allows  the  line  to  be  thrown  on  better  ground.  Should  the 
ground  require  tangent  to  be  shifted  inward,  the  curves  must 
be  sharpened  by  compounding  to  admit  of  the  necessary  offsets. 

163.  Having  Run  a  Tangent  which  Falls  Outside  a  Located 
Onrve,  to  Find  the  0£foet  F  for  a  Transition-curve  Uniting 
them. 

In  Fig.  76  let  the  tangent  be  AB ;  GE  the  located  curve.    Set 

transit  at  some  point  (7,  and  bring  telescope  into  tangent  to 

curve.    Measure  GB  and  move  to 

B,   where  angle   ABG  must   be  f        \y 

measured  ;    or  measure   GH  per-  \^:^^^^ 

pendicular  to  ^^ ;  then    .  Slf^----|Q    *^v^ 

GH  /T  \   V,  J 

sina  =  _.  ^^      v.--| 

Now  BO=zB  vers  a  ;  or  it  is  \  I 

the  mid-ordinate  for  twice  a,  and  \q 

may  be  found  from  Table  IX ;  Fio.  78. 

then 

F^GH'-EO^GH-BvBr^a.    .    .    .    (204) 

The  point  -^is  found  from  (7  by  the  relation  BO  =  ^ 
The  transition-cunre  may  now  be  located^!  zed  by  Google 
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164.  Inserting  Transition-curves  in  Old  Track. — Sections 
159  and  160  afford  the  means  of  inserting  transition-curves,  of 
which  169  is  theoretically  the  best,  though  from  the  amount  of 
track  disturbed  it  may  be  better  to  employ  160.  Sometimes  the 
method  of  162  may  be  employed  to  advantage  when  the  connect- 
ing tangent  is  short.  For  easing  the  curves  at  point  of  com- 
pounding, the  method  of  161  may  be  made  use  of. 

The  offsets  must  necessarily  be  small  if  the  new  track  is  re- 
quired to  occupy  the  old  road-bed.  It  may  be  profitable  to  add 
to  the  road-bed  when  sufllcient  offset  cannot  be  secured  for  sharp 
curves,  though  ordinarily  much  good  can  be  accomplished  even 
when  the  new  track  is  restricted  to  the  old  road-bed. 

Unless  the  theoretical  P.C,  RG.C,  and  P,T,  have  been 
marked  by  monuments  it  may  be  difiicult  to  retrace  the  old 
lines.  If  there  is  plenty  of  room,  the  terminal  tangents  may  be 
prolonged  to  intersection  and  /measured,  after  which  the  degree 
of  curve  may  be  found  by  measuring  around  curve  and  by  ap- 
proximate measurements  of  the  tangent  distances  ;  then  one  ot 
two  assumptions  and  computations  will  generally  suffice. 

In  cuts  and  rough  country  the  curve  may  be  run  out  by  setting 
transit  in  center  of  road-bed  and  measuring  the  deflectipn-angles 
for  a  few  points  around  the  curve. 

After  the  transition-curves  have  been  inserted  permanent  monu- 
ments should  be  placed  at  each  end  of  transition- curve  to  guide 
the  trackman  in  keeping  up  the  proper  superelevation  of  oute« 
rail. 

165.  Remarks  on  Tabular  Interpolations. — The  general  intex 
polation  formula  given  in  algebra  is 

4  I 

in  which  t  is  any  term,  a  the  first  term  taken,  p  the  number  of 
terms  from  a  to  t,  dy  the  first  from  a  of  the  first  order  of  differ 
ences,  d^  the  first  of  the  second  order  of  differences,  etc. 

In  ordinary  linear  interpolation  all  terms  after  the  second  are 
neglected  ;  in  interpolating  by  second  differences  all  after  the 
third,  etc.  r^         \ 

In  Table  XIV  linear  interpolation  will  answer  w<S^d  ordi- 
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narfly  for  E,  though  second  differences  may  sometimes  be  needed 
for  the  latter. 

In  Table  XV,  -4  is  a  quadratic  function  of  n,  as  shown  by  for- 
mula (153),  while  £  is  a  cubic  function  of  that  portion  that  has 
been  retained.  Hence  A  should  be  interpolated  by  second  differ- 
ences, while  theoretically  B  should  be  interpolated  by  third 
differences  ;  but  as  J?  is  always  quite  small,  its  second  and  third 
differences  will  be  too  small  to  affect  results,  and  linear  interpola- 
tions may  be  made  when  any  are  needed. 

In  Table  XYI  linear  interpolations  will  generally  sufQce, 
though  when  ^and  y  are  large  it  may  be  necessary  to  use  second 
differences. 

The  examples  of  158  and  161  illustrate  the  method  of  inter- 
polating in  Table  XVI  for  intermediate  values  of  i?*  and  D. 
Values  of  F  were  first  found  for  the  given  degree  of  curve  and 
assumed  values  of  Ix ,  so  taken  that  the  true  U  should  be  between 
them.  From  these  assumed  values  of  h  and  F,  taken  with  the 
required  F,  the  true  li  was  found  by  linear  interpolation. 

As  an  extreme  case  suppose  F  and  yi  wanted  for  an  18'  curve 
when  Ix  =  408  feet. 

First  write  a  few  values  of  pi  and  i^  so  as  to  obtain  the  first 
and  second  differences. 


'l 

Vi 

di 

d« 

F 

di 

dt 

400 

81.43 

8.08 

20.63 

2.08 

420 

89.51 

8.43 

0.85 

22.71 

2.18 

0.10 

440 

97.94 

8.78 

0.35 

24.89 

2.28 

0.10 

460 

106.72 

27.17 

By  the  interpolation  formula,  when  li  =  408, 

yi  =  81.43  +  ,V  X  8.08  +  tMA^IlD  x  0.35  =  84.62, 

a 

F=  20.63  +  ^%  X  2.08  +  ^MAjlJ)  x  0.10  =.  21.45. 
By  linear  interpolation,  y,  =  84.66,  F  =  21.4CoogIe 


r 
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Again,  suppose  yi  to  be  wanted  when  h  =  480.  By  the  fOTiniila, 

yi  =  81.43  +  I*  X  8.08  +  *^^*^  ""  ^^  x  0.85  =  98.68, 
or 

y,  =  89.51  +  iJ  X  8.43  +  **^^  ""  ^^  x  0.36  =  »3.6a 
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CHAPTER  V. 

TURNOUTS,  FROGS,  AND  SWITCHES. 

Abticle  14.    Turnouts. 

A.   Turnouts  from  Straight  Lines, 

166.  A  Ttimout  is  a  track  leading  from  one  track  to  another, 
and  is  made  up  of  a  switch,  a  frog  and  the  rails  necessary  to 
connect  these  and  to  extend  the  turnout  beyond  the  frog-point. 

a.  The  Gauge.  Lines  of  a  track  coincide  with  the  inside  faces 
of  the  rail  heads  on  a  line  |  inch  below  the  top  of  rails. 

h.  The  Gauge,  g,  of  a  track  is  the  distance  between  gauge 
lines  of  that  track,  and  for  standard  gauge  track  equals  4  feet 
8J  inches  on  tangents.  To  accommodate  rigid  wheel-bases 
of  trucks,  the  gauge  is  increased  on  curves,  and  should  be 
greater  for  sharp  curves  than  for  flat  ones. 

c.  The  Switch-rails  (or  Switch-points)  are  -'two  wedge- 
shaped  sections  yoked  together  by  bridle-bars  or  rods  and 
free  to  slide  on  plates  which  rest  on  the  smtch-ties.  The  point 
of  switch  is  that  point  at  which  the  turnout  begins,  and  for 
split  switches — the  form  used  on  all  steam  roads  except  for 
a  comparatively  few  imimportant  spurs  or  sidings — ^is  movable 
by  means  of  a  switch-^tand,  or  by  an  interlocking  system  operated 
from  a  suitable  tower.  The  heel  of  switch  is  the  other  end 
of  the  switch-rail,  and  is  fixed  in  position,  but  not  so  firmly 
as  to  prevent  free  movement  of  the  rest  of  the  switch  rail  when 
the  switch  is  thrown.  The  theoretical  and  actual  points  of 
switch  do  not  coincide,  but  the  point  is  "dubbed  off"  where 
its  thickness  reduces  to  about  i  inch.  The  usual  lengths  of 
switch-rails  are  either  15  or  16i  feet,  though  longer  ones  are 
now  coming  into  more  general  use  than  heretofore. 

In  Fig.  77  (a)  represents  the  Split  Switch,  (6)  the  Tongue- 
and-mate  Switch,  and  (c)  the.  Stub  Switch. 

The  Tongue-and-mate  Switch  is  composed  of  a  steel  wedge 
or  tongue  as  one  rail,  pivoted  at  its  heel  and  moving  in  a  cast- 
iron  frame  around  which  a  street  pavement  may  be  built. 
In  the  opposite  rail  is  a  rigid  fitting,  called  a  mate,  in  the 
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arrangement  employed  by  street  railways,  but  when  used 
by  steam  roads  it  consists  usually  of  a  pair  of  tongues  only, 
operated  in  the  same  manner  as  a  split  switch. 

In  a  Stvh  Switch  the  toe  is  fixed  and  the  heel  moves.  A 
full  length  rail  is  spiked  for  part  of  its  length,  the  remainder 
being  free  to  move  by  sliding  on  plates  on  the  ties,  the  pair 
of  sliding  rails  being  yoked  together  so  that  both  move  at  the 
same  time.  This  t3rpe  of  switch  should  never  be  used  on 
standard  track,  but  may  be  used  during  construction,  and 
in  places  where  cheap  installation  is  imp(»rtant  and  danger 
of  derailment  is  small. 

d.  The  Throw,  t,  is  the  distance  through  which  the  point  of 
switch  moves  at  right  angles  to  the  track  from  which  the  turn- 
out leads  and  is  usually  about  5}  or  6}  inches.  The  heel  dii»- 
tance.  A,  need  not  be  greater  than  this,  but,  to  allow  room  for 
fastening  the  ends  of  the  point  rails,  is  usually  6  or  6}  inches. 
The  switch  stand,  or  operating  device  in  case  of  an  interlocking 
system,  rests  upon  one  or  two  extra  long  ties  termed  the  Head 
Block,  which  should  be  set,  whenever  possible,  upon  that  side 
of  the  track  which  is  on  the  engineman's  side  of  the  cab  as' 
the  train  approaches  the  turnout. 

e.  A  Switch  Stand  is  set  opposite  the  point  ends  of  switch- 
rails  upon  the  head  block  and  carries  a  lever  which  operates 
the  rods  connecting  to  the  switch-rails,  and  at  the  same  time 
moves  the  target  to  indicate  to  the  engineinan  whether  the 
switch  is  set  for  the  main  line  or  the  siding.  At  night  colored 
lights  serve  the  same  purpose  as  the  target  serves  during  day- 
light. For  interlocking  systems  signals  are  shown  by  sema- 
phores. 

In  order  to  limit  the  nmnber  of  obstructions  in  crowded 
yards,  various  devices,  such  as  the  Tumbling-lever  stand,  or 
Groundrlever  stand,  the  Monkey-swUchf  etc.,  are  frequently 
used. 

A  Facing  Point  switch,  or  simply  a  Facing  switch,  is  one 
for  which  the  normal  direction  of  traffic  on  a  double  track 
railway  is  from  the  switch-points  towards  the  frog,  and  a 
Trailing  switch  is  one  for  which  the  normal  direction  of  traffic 
is  from  the  frog  towards  the  switch-points.  In  the  interests 
of  safety  the  latter  arrangement  should  always  be  used  if  it 
be  possible  to  do  so. 

On  single  track  all  switches  are  facing  or  trailing  switches, 
according  to  the  direction  of  traffic  o 
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/.  The  Frog-point  is  situated  at  the  intersection  of  the  gauge 
lines  of  the  intersecting  rails  and  lies  a  few  inches  in  advance 
of  the  actual  blimt  point  as  the  frog  is  manufactured.  The 
thickness  of  the  actual  point  is  about  i  inch. 

g.  A  Guard  Rail  is  set  on  the  inside  of  the  rail  opposite  to 
that  in  which  the  frog  is  located,  in  order  to  guide  the  wheel- 
flanges  in  the  proper  direction.  This  is  a  section  of  rail,  having 
its  ends  bent,  and  set  far  enough  from  the  track  rail  to  give 
clearance  for  wheel-flanges. 

h.  The  Frog-^mgle,  F,  is  the  angle  at  the  thec^etical  frog- 
point  between  the  gauge  lines  of  the  frog. 

1.  The  Frog  Number,  N,  is  the  ratio  of  the  axial  length, 
measured  from  the  thecn^tical  frog-point,  to  the  width  of  base 
as  measured  at  right  angles  to  the  axial  length. 


nieoretical  Poiat 


DIAQRAMATIC  FROG 
Fia.  78. 


Fig.  78  is  a  diagrammatic  representation  of  a  frog.       By 
definition 

and  also 


iw 


(205) 
(206) 


j.  The  Lead,  ?,  is  the  distance  from  the  point  of  switch  to 
the  theoretical  point  of  frog,  and  L  the  distance  from  point  of 
switch  to  actual  point  of  frog,  measured  along  the  main  rail 
in  which  the  frog  is  placed.    In  Fig.  80  CB=i  and  CP^L. 

k.  The  Frog  Distance,  /.  d.,  is  the  length  of  chord  of  outer 
rail  of  turnout  measured  from  the  heel  of  switch  to  toe  of 
fh)g  (end  of  wing  rail)  for  straight  switch-points  and  frogs, 
and  from  the  theoretic  point  of  switch-rail  to  theoretic  point 
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of  frog  if  the  switch-rails  are  regarded  as  curved  and  the  turn- 
out curve  tangent  to  the  frog  at  its  theoretic  point.  In  Fig. 
80,  HM  is  the  frog-distance  for  the  first  case,  and  in  Fig.  92 
AB  is  the  frog-distance  for  the  second  case. 

I.  The  Stub  Lead,  a.  I.,  is  the  distance  measured  along  main 
rail  from  the  actual  point  of  frog  to  a  point  where  the  turnout 
rail  diverges  from  the  main  rail  a  distance  equal  to  the  throw. 
In  Fig.  80  CP=l  and  QP=s.  I. 

m.  Frogs  are  constructed  either  as  Rigid  Frogs,  that  is, 
those  having  their  several  p£ui»  fixed  in  relation  to  each  other 
by  rivetting  to  a  bottom  plate,  or  as  Spring^ail  Frogs,  for 


Theoretical  Point      Actual  Point 


WingBaU 


Flangeway 
(a)  RIGID  FROG 


(6)  SPRING  RAIL  FROG 
FiQ.  79. 


which  the  point  is  nonfially  held  against  the  main  rail,  so  as 
to  avoid  the  gap  which  is  present  in  rigid  frogs,  and  which 
must  be  sprung  by  the  wheel-flange  when  a  train  is  passing 
the  frog  on  the  turnout.  In  Fig.  79  (a)  shows  the  arrange- 
ment of  the  rigid  frog  and  (6)  that  of  the  spring  frog. 

167.  Given  the  Frog-number,  N,  the  Gauge,  g,  the  Length 
of  Switch-rail,  s,  the  Distance  from  the  Theoretical  Point  to 
Toe  of  Frog,  /,  and  the  Width  or  Thickness  of  Frog-pomt,  w',  to 
Find  the  Radius,  R,  of  Center  Line  of  Turnout  and  the  Leads 
I  and  L  from  C  to  B  and  C  to  P,  re^ectively,  in  Fig.  80. 

Fig.  80  shows  the  notation  employed. 

From  the  triangle  AXH, 

S'  Digitized  by  V^OOgle 
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From  triangle  BVM, 

m=fcomiFj    and    n^fsanP (a) 

In  formula  (207)  ^= actual  heel  distance— thickness  of  switch- 
rail  point. 


FiQ.  80. 

In  triangle  MGH,  gf=^— ^— n,  smd 
£rM=c=2  cosec  K^+'S)  = 
Also, 

GM=j=q  cotan  i{F+S)  = 

From  triangle  HMO, 

c 


sin  i{F+S)' 


At  the  frog-point, 


2sinK^-'S)" 


tan  i{F+Sy 
ic  cosec  HF—S). 


.    (c) 
(208) 


P =g.^  1^  =  W  cosec  iF (d) 


From  the  figure, 

l-s+j+m,    and    L—s+j+m-^p. 


(209) 


I 


In  the  fonnulas  for  c  and  g,  g  and  /i  must  be  reduced  by 
the  thickness  of  switch-rail  point  before  solving. 

168.  The  Coordinates  to  the  Quarter-points  of  the  Lead- 
rail,  HM,  may  be  foimd  as  follows:  ^         , 

Digitized  by  VjOOQ  IC 
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Produce  the  curve  MH  backward  to  TF,  where  its  tangent 
will  be  parallel  to  main  line  track.  The  intercept  between 
W  and  the  foot  of  a  perpendicular  let  fall  from  H  upon  OW 
is  =  (i2+}g)(l — cos  S)  =  (R-{-ig)  vers  S,  and  therefore 

e=h-(R+ig)yeraS    .....     (210) 
The  offset  from  the  quarter-point  of  lead-rail  is 
yi=ei-{R-\-ig)  vers  [^+J(F-«] 

=e+(i2+}^)versi(i^+3^)  .     (211) 

Xi=8+iR+ig)[sm(S-\-i(F-S))-emS] 
=s+(i2+ J^)[sin  i(F-f  35)  -sin  S] 
For  the  mid-point 

yi=e+(R-^ig)yeTslS+i(F^S)] 

=e+{R+ig)yeT8UFi-S)  •    .     (212) 

ir,=«+(J?H-i^)[sm  }(^+^-sin51 
For  the  three-quarter-point 

2/«=e+(fi-|-ip)  vers  [/S+f(F->Sf)l 

=e+(i2+§^)versi(3i^+5)  '  .     (213) 

Xi=s+(22+}^)[sin  i(3F-h*Sf) -sin /S] 

169.  The  Closures,  HM,  of  Curved  Track,  and  QJ,  of  Straight 
Track,  between  Heels  of  Switch-rails  and  Toes  of  Frog,  may 
readily  be  foimd  from  Fig.  80,  as  follows: 

HM^{fi+\g)^(i{F-S) (214) 

In  which  arc  (F—S)  is  the  angle  HOM  reduced  to  circular 
measure. 

If  the  wing  rails  JB  and  MB  of  frog  are  of  equal  length  the 
closure  for  strait  rail  is 

0/=L-(s4-/+p)=^-(5-h/).      .    .    .    (215) 
From  (214)  and  (216) 

HM-QJ==(R-^ig)  M-c  (F-5)-L+8+/+p, 

=  (i«+k)arc(F-5)+/-y-m,    .     .     (216) 
Fig.  80  yields  also  the  following  value  of  this  difference: 

HM-QJ=-{R+ig)l&Tc  (F-S) -{-sin  8 -sin  F].    .     (216') 
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If  the  wing  rails  of  the  frog  are  so  made  Uiat  the  difference 
of  their  lengths  equals  the  above  difference,  the  two  closures 
will  be  equal.  This  will  require  that  both  right-  and  left-hand 
frogs  be  carried  in  stock,  however. 


170.  Practical  Leads.  To  avoid  having  to  cut  rails  in  order 
to  make  the  closures  HM  and  QJ",  called  for  by  Equations 
(214)  and  (215),  it  is  customary  to  modify  these  so  that  avail- 
able standard  lengths  may  be  used.  This  modification  deforms 
the  curve  between  H  and  M  somewhat,  but  as  trains  should 
be  moving  slowly  when  entering  or  leaving  turnouts,  this  change 
is  not  material. 

A  f\ui;her  desirable  modification,  suggested  by  equations 
(216)  and  (216'),  is  to  have  the  toe  length,  /,  of  the  frog  on 
the  turnout  side  made  longer  than  that  on  the  main-rail  side 
in  order  that  the  arc  HM  may  just  equal  the  main-line  closure 
which  takes  the  place  of  QJ. 

Most  of  the  larger  railroad  systems  have  their  own  standard 
turnouts  for  which  the  necessary  functions  and  dimensions 
are  worked  out  and  tabulated  in  the  office  for  the  various 
frog-numbers  used  by  each  system.  The  foreman  of  the  track 
gang  then  needs  only  to  have  the  locations  of  the  actual  frog 
points  marked  on  the  ground  by  the  engineers,  though  it  is 
desirable  to  have  the  head-blocks  marked  also  by  stakes. 

Whenever  possible  the  frog  should  be  so  located  that  its 
heel  on  the  main-line  will  fall  at  a  rail  joint  in  order  to  avoid 
having  to  cut  a  rail.  This  can  generally  be  done  by  shifting 
the  point  of  frog  forward  or  backward  a  few  feet,  and  at  the 
same  time  hold  the  turnout  curve  upon  the  previously  pre- 
pared road  bed.  The  radius  of  turnout  curve  and  the  offsets 
to  its  outer  rail  will,  however,  be  changed. 

"A 

171.  To  Find  the  Increase  of  Tangent  beyond  Heel  of  Switch- 
rail,  and  New  Radius  of  Outer  Rail  for  a  Given  Increase  in 
the  Lead. 

In  Fig.  81  AHMB  represents  outer  rail  of  turn  out  as  com- 
puted by  the  preceding  methods;  A'NH'MB  the  transformed 
turnout  require^  by  the  practical  lead  CB=U,  NH'  is  re- 
quired. 

Let  HN  be  parallel  to  main  rail.  H,  H',  and  M  He  on  the 
same  straight  line,  smce  the  central  angles  of  the  curves  HM 
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and  H'M  are  equal.    In  triangle  NHH'  the  angle  at  H  equals 
im^'-W^S)  and  NH^A'A^C'C. 


Also, 
and 


Fxa.81. 


HW^4 


A'Asin^ 


'8ini(^-^y 


.    (217) 


The  radius  of  the  transformed  curve  will  now  be  given  by 


fi'  = 


2Bmi{F-S) 


-ig. 


(218) 


For  the  offsets  at  the  quarter-points,  formulas  (311),  (212), 
and  (213)  will  apply  if  for  c,  as  determined  by  (210),  we  sub- 
stitute, 

e=^+(s'-s)  sin  ^-(1?'+}^)  versus. 

172.  To  Find  the  Increase  of  Tangent  Past  the  Toe  of  Frog 
and  the  Radius  of  Outer  Rail  for  a  Given  Decrease  in  the 
Lead. 

In  Fig.  82  AHMB  represents  the  outer  turnout  rail  as  com- 
puted where  the  theoretic  lead  is  used;  A'H'M'B  the  transformed 
curve  required  by  the  change  CC'=AA'  of  lead.  NM'  and 
EH'  are  parallel  and  equalto  AA'y  since  the  chords  HM  and 
H'Jf' are  parallel.    From  triangle  iVikf'Jf.   jt  zed  by  Google 
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Abo, 
and 


sm  HF—S) 


^^^_AA'^F 


mii(F-S)' 


(219) 


R'     = 


2mi\{F-S) 


-k. 


(220) 


For  the  offsets  at  quarter-points,  formulas  (211),  (212),  and 
(213)  wiU  apply  by  making  e^h+M'M  sin  F-iR'+ig)  vers 5. 


A 

A' 

t^ 

^HF-S) 

V 

C 

c 

T 

1                   *(F+S)/^*^>-^  B 

i 

.s^ 

'"-S^ 


FiG.|82. 

173.  Tables  of  Theoretical  and  Practical  Leads,  as  recom- 
mended by  the  American  Railway  Engineering  Association, 
are  given  below.  The  thickness  of  all  frog-points  is  taken  as 
}  inch,  and  of  all  switch-points  J  inch.  The  ''Frog  Bluntness" 
is  p,  of  Fig.  80,  and  equals  i  inch  multiplied  by  the  frog  number. 
The  heel  distance,  h^  is  taken  as  6}  inches  in  all  cases.  The 
length  of  wing  rail  from  the  theoretical  point  of  frog  to  its  toe 
varies  in  practice  with  the  standards  adopted  by  different 
manufacturers  or  the  requirements  of  particular  railway  sys- 
tems, as  does  also  the  total  length  of  frog.  The  values  given 
in  the  first  table  are  those  recommended  by  the  Association, 
based  on  theoretical  computations,  and  the  values  in  the  sec- 
ond table  are  those  which  the  Association  recommends  for 
practical  use  as  involving  a  minimum  of  rail  cutting. 
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Rectangular  Co-ordinates  to  the  Quarter 

and  Center  Points  on  Gauge  Side  of 
Curved  Rail,  Referred  to  Point  of  Switch- 
rail  as  Origin. 
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The  tendency  now  is  toward  the  use  of  frogs  of  smaller 
angles,  and,  therefore,  larger  values  of  N,  than  was  the  prac- 
tice some  years  ago.  A  No.  10  frog  on  main  line  is  now 
the  standard  on  many  systems  which  a  few  years  ago  used 
No.  9,  or  even  No.  8  frogs  under  the  same  conditions.  In 
railroad  yards  frogs  of  smaller  number  than  those  required 
on  main  lines  may  foe  admissible  in  cases  where  available  space 
is  limited,  but  for  important  terminals  it  is  well  to  make  No. 
9  or  No.  10  the  minimum.  For  minor  yards  Nos.  8,  7J  or 
even  7  may  have  to  be  used  except  where  modem  yard 
engines  of  long  wheel-bases  are  employed. 

174.  Ordinates  from  tlie  Long  Chord  to  tlie  Center  and 
Quarter-points  of  Outer  Rail  of  Turnout  may  be  used  in  staking 
out  the  curve  instead  of  using  the  coordinates  referred  to  the 
point  of  switch-rail.  The  length,  c,  of  the  chord  HM  of  Fig. 
80  having  been  computed  by  (6)  of  Section  167,  these  ordinates 
may  be  computed  by  one  of  the  methods  given  in  Section  83. 
The  table  below  gives  these  values  of  the  ordinates  for  the 
turnouts  corresponding  to  the  frog-niunbers  given  in  the  tables 
of  the  preceding  section. 

TABLE  OF  ORDINATES  OF  CURVED  RAIL. 


Frog  Number. 

Centes. 

Quarter  Points. 

Feet. 

Inches. 

Feet. 

Inches. 

/4 
6 
6 

0.59 
0.65 
0.50 

•1 

0.44 
0.41 
0.38 

4J 

7 

8 
9 

0.58 
0.58 
0.50 

7 

0.43 
0.41 
0.38 

4i 

9i 
10 
11 

0.49 
0.48 
0.55 

11 

0.37 
0.36 
0.41 

4i 

4 
4 

12 
15 
16 

0.52 
0.58 
0.56 

1* 

61 

0.39 
0.43 
0.42 

P 

18 
20 
24 

0.53 
0.50 
0.44 

6f 

0.40 
0.37 
0.33 

'} 

176.  The  Prog  Tangent,  k. — In  order  to  connect  the  turnout 
curve  with  a  diverging  branch-track,  or  with  a  parallel  siding. 
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a  curve  is  required  beyond  the  frog.  Because  of  the  ease 
with  which  the  required  functions  may  be  computed,  this  curve 
is  frequently  assumed  to  begin  at  the  frog-point,  but  since 
standard  frogs  are  manufactured  with  tangent  lines  from  toe 
to  heel,  this  method  is  incorrect.  The  distortion  is  greater 
with  spring  than  with  rigid  frogs,  because  the  tangent  lines 
of  the  former  are  longer. 

The  P.C,  of  the  curve  beyond  frog  may  begin  at  the  heel 
of  frog,  but  it  is  better  practice  to  continue  the  tangent  line 
for  a  rail  length  or  more  beyond  the  heel,  especially  if  road 
engines  having  long  wheel-bases  must  use  the  turnout,  as  will 
occur  at  *'  Y*s  "  and  the  junctions  of  main  and  branch  lines. 
The  distance  from  actual  point  of  frog  to  the  P,C,  is  called 
the  frog4angent. 


Fig.  83. 


176.  The  Field  Work  for  Locating  a  Turnout  from  Straight 
Main  Line  consists,  after  having  the  frog-point  and  head  block 
located,  of  the  following  steps: 

First  find,  in  Fig.  83, 

QB^MB^igcoHF-^p  =  gN+p,       .     .     (221) 

and  measure  this  distance  back  along  main  rail,  then  set  a 
hub  at  B,  in  the  center  of  main  track,  on  a  perpendicular  to 
main  rail.  Set  the  transit  at  B  and  bring  the  line  of  sight  into 
the  vertical  plane  which  contains  the  center  Une  of  main  track. 
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Deflect  the  angle  F  and  measure  BM^gN+p,  and  set  a  hub 
at  If  if  desired.  On  this  Une  measure  an  additional  distance 
MS  equal  to  the  length  of  the  frpg  tangent  selected  (never 
less  than  the  length  (A  frog  from  point  to  heel)  and  set  a  hub 
for  the  P.O.  of  the  curve  SV.  Set  up  at  S,  backsight  to  B  and 
run  the  curve  SV  in  the  usual  way  when  its  radius  is  known  or 
assumed. 

If  the  tangent  beyond  V  is  fixed  by  reason  of  an  existing 
track,  or  by  other  conditions,  R  must  first  be  found  in  order 
that  the  proper  degree  of  curve  may  be  used. 

176J.  To  Locate  the  Curve  between  S  and  V  of  Fig.  83,  pro- 
duce the  tangent  at  7  to  intersect  the  center  line  of  main  track 
at  A.  Measiure  angle  /,  if  this  is  not  already  known;  also 
measure  AB,  Extend  BS  to  intersect  AV  a,t  C,  In  triangle 
BAC  one  side  and  all  the  angles  are  knoWn,  and  therefore 

But 

SC=Rte(ai{I-F)=BC-(gN+p+k). 

"  ^ tan  i(I-F) <^> 

If  12  is  fixed  by  conditions  on  the  ground,  or  is  assumed, 
equation  (222)  yields  a  value  of  the  frog-tangent,  k,  in  terms 
of  known  quantities,  and  serves  to  locate  S.  The  P,T,  at  V 
may  be  set  from  C,  since  CV^SC -R  tan  ^(I—F),  or  from 
A  by  computing  AC  from  the  triangle  BAC, 

177.  Three-throw  and  Tandem  Switches  should  never  be 
used  when  they  can  possibly  be  avoided,  but  sometimes  limited 
space  or  other  reasons  make  their  use  imperative.  A  three- 
throw  switch  is  one  having  two  turnouts,  either  to  the  same 
or  opposite  sides  of  main  track,  operated  from  the  same  switch- 
stand.  If  the  switch  rails  of  one  turnout  clear  the  switch- 
rails  of  the  other,  but  he  between  them  and  their  frog,  the 
arrangement  has  been  termed  a  tandem  switch.  The  use  of 
either  arrangement  is  especially  objectionable  when  both  turn- 
outs are  to  the  same  side  of  main  track.  In  either  case  a 
third  frog,  called  the  middle  frog,  or  crotch  frog,  must  be  used. 
If  standard  frogs  are  employed,  this  will  introduce  a  short  piece 
of  tangent  at  this  frog  in  both  turnout  curves  and  will  com- 
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plicate  the  computations  for  leads  and  turnout  radii  materially. 
If  many  such  middle  frogs  are  to  be  used  on  a  given  system, 
these  should  be  manufactured  on  the  proper  curves  and  kept 
in  stock.  A  careful  study  of  conditions  will,  however,  generally 
lead  to  a  yard  design  in  which  double  turnouts  and  tandem 
switches  are  eliminated. 


Fig.  84. 


178.  Given  the  Equal  Numbers,  AT,  the  Equal  Switch  lUdlSi 
8,  of  Either  a  Three-throw  or  Tandem  Switch,  the  Distance, 
d,  between  Points  of  Switches,  Measured  along  Main  RaH) 
to  Find  the  Angle  or  Number  of  the  Crotch  Frog. 

In  Fig.  84  let  the  crotch  frog  be  assumed  to  be  constructed 
on  ciu-sred  lines.  OC^O'C  is  found  by  (208);  OM  and  W 
are  perpendicular  to  main  rail  and  O'M  and  LE  are  parallel 
thereto.    ET^KW^e  is  found  by  (210).    Prom  the  figure 

MO=ME+iiCO-^iiC=2/e-h^-(y-2e)  =2(i2+e). 

M(y  ^EL  =  VB  =d.  ,,,ed  by  Google 
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In  triangle  OMO', 

tan  MOO' 


and 

00'=2(«H-e)  sec  MOO' (223) 

Draw  CN  perpendicular  to  00\ 

"^^^''TO-  •  •  •  •  •  <^^ 

The  above  solution  for  the  angle  of  the  crotch  frog  is  for 
tandem  switches,  but  reduces  to  that  for  a  three-throw  switch 
when  B  and  V  coincide,  which  reduces  MO'  to  zero  and  makes 
00'=Oikf=2(/2+e). 

The  switch-rails  are  assumed  to  be  straight  in  above  solution. 

179.  Given  the  Frog  Number,  iV,  the  Gauge,  g,  and  Dis- 
tance, c,  between  Center  Lines,  to  Unite  a  Straight  Main  Line 
with  a  Parallel  Siding  or  Spur,  Using  Curves  of  Contrary  Flexure 
Having  an  Intervening  Tangent  of  Known  Length. 

In  Fig.  85  first  locate  the  point  C  by  the  method  of  176. 

From  Fig.  85, 

6  =  ((7^'^-p+A;)sinF (225) 

In  Fig.  85  produce  the  ciu^e  LC  backward  to  K  where  its 
tangent  will  be  parallel  to  main  line.  Draw  CT  perpendicular 
to  OK.    Angle  KOC^F,  and  KT^R  vers  D. 

/.  e=6--B  vers  F,  and  (i=c--e.       .     .     (226) 

The  problem  now  reduces  to  that  of  Section  132,  angle  y 
being  given  by  (120),  00'  by  (121),  angle  z  by  (122),  angle  a 
by  (123),  and  distance  x  by  (124).- 

Wherever  possible  the  distance  I  should  be  at  least  30  feet 
and  preferably  more.  For  small  distances  between  centers  I 
may  have  to  be  omitted  altogether. 

Example,— Given  AT  =  10,  D  =  10,  Z=40,  and  c  =  15  feet. 
Required  x  and  angle  a. 

By  (225),         h  =  (4.708X10+0.42+40)0.0999  =  8.73  feet. 

By  (226),         6=8.73-573.14X0.00499=3.86  feet,  and 

d  =  15-3.86  =  11.14feet. 

40 
By  (120),  tanj/=2x6733i=00349=tan£9;Google 
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By  (121),    00'  =  \/(2X673.14)«+40*  =  1146.97  feet. 
By  (122),  cos 2=  {^- 2X573 J^  X 0.99985 =0.98986  = 
By  (123),        a=8^  10'-2^0'*=6^  10'. 


=cofl  8^  10'. 


Fig.  86. 

From  Fig.  85,  angle  C0L=-6**  10'-5**  43'  29"=0**  26' 31". 
By  (124),        x=  1146.97X0.14205  =  162.93  feet. 

180.  For  the  Data  Given  in  179  to  Determine  the  Quantities 
Necessary  to  Unite  the  Parallel  Tracks  when  the  Frog  Tan- 
gent is  Continued  to  the  P.C.  of  the  Side  Track  Curve. 

In  Fig.  86  J?  or  A;  may  be  given  or  assumed,  or  the  point  E 
may  be  fixed  by  conditions  on  the  ground.  Suppose  R  known. 
In  triangle  AHL  we  have 


whence 


AH  :^LH  cosecFf  or  gN-{-p-\-k+CH =c  cosec  F, 
k=c  cosec  F-(gNi-p-\-R  tan  W^ooqIc  •     (227) 
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If  ft  is  given  or  assumed,  formula  (227)  3Hlelds 

i2«[ccoaecF--(yiV+p+A;)]cotanJF.    .    .    (228) 

If  ^  is  fixed  in  position,  AB  must  be  determined  by  measure- 
ments in  the  field,  and  AL—c  cotan  F  found  from  the  triangle 
AHL.    Then 

CH=^HE^LB=^AB^AL^AH^(gNi-pi-k)^Rta.niF. 

:.  R-^CH  cotan  iF=[c  cosec  F-  (gN+p+k)]  cotan  JF.     (229) 

The  points  C  and  E  and  the  mid-point  of  cmre,  on  the  radial 
line  through  H,  may  be  conveniently  located  by  rectangular 


Fio.  86. 


coordinates  which  have  a  point  on  the  center  line  of  main 
track  opposite  G  for  origin.  For  the  notation  shown  in  the 
figure  we  have 

xi  -  (j)-\-k)  cos  F;        Vi^'  (gN-{-p-{-k)  ain  F —c—R  vers  F 

xt  =  (p-\-k-\-CH)co8F;        yi^c-RversiF  (230) 

Xt^(pXk)coBF'\-R8mF;  yi=c  ♦ 

181.  To  Lay  Out  a  **  Ladder  Track."-— At  terminals,  or 
stations  where  large  niunbers  of  cars  have  to  be  accommodated 
at  one  time,  the  yards  may  consist  of  a  number  of  parallel 
tracks  which  are  connected  with  the  main  line  and  with  each 
other  by  means  of  a  ladder  track,  such  as  is  indicated  in  part 
by  Fig.  87,  by  extending  the  frog  tangent  and  locating  turn- 
outs to  the  parallel  storage  or  sorting  tracks.    The  track  from 


170    A  FIELD-MANUAL  FOR  RAILROAD  ENGINEERS. 

which  the  ladder  leads  is  called  the  driU  track  and  the  paraHel 
tracks  which  the  ladder  connects  with  it  are  called  the  body 
tracks.  A  number  of  arrangements  may  be  made  of  which 
the  simplest  is  where  there  is  one  frog  on  the  ladder  for  each 
body  track,  as  indicated  in  Fig.  87. 


The  frog-number,  AT,  and  the  distance,  p,  between  the  body 
tracks  must  be  known.  The  distances  BC  =  CE  and  BK=CL 
are  to  be  determined.    From  the  figm-e 


BC  =  p  cosec  F,       .... 
BK=^BC-KC  =  p  cosec  F-L, 


(231) 
(232) 


If  desired,  the  ladder  track  may  make  an  angle  equal  to 
2F  with  the  drill  track,  in  which  case  the  first  of  the  body 
tracks  is  led  off  of  the  drill  track  as  an  independent  turnout, 
which,  in  the  figure,  would  be  to  the  right  of  B,  while  the 
cecond  body  track  would  lead  off  from  the  first  turnout  from 
the  ladder.  That  is  to  say,  this  first  turnout  would  end  in 
body  track  No.  3  and  would  serve  as  a  ladder  for  No.  2.  There 
would  then  be  only  one  frog  in  the  ladder  for  two  body  tracks. 

Fig.  88  illustrates  the  arrangement  in  outline. 

If  the  ladder  track  makes  an  angle  equal  to  3F  with  the 
drill  track,  there  will  be  only  one  frog  in  it  for  three  body 
tracks  and  the  first  and  second  body  tracks  will  lead  off  <rf 
a  two-track  ladder  to  the  right  of  B  of  Fig.  87.  The  first  turn- 
out frog  in  the  ladder  proi)er  will  lead  to  body  tracks  3  and  4, 
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while  the  second  and  subsequent  turnout  frogs  will  each  lead 
to  three  body  tracks.  Fig.  89  shows  the  arrangement  in  outline. 
Still  other  conditions  as  to  the  angle  which  the  ladder  proper 
shall  make  with  the  drill  track  may  be  imposed.  It  may  be 
that  this  angle  must  be  greater  than  F,  but  less  than  2F,  or 
it  may  be  greater  than  2F,  but  less  than  3F.  Again,  it  may 
be  required  that  the  frogs  may  be  the  minimum  permissible 
distance  apart,  or  yet  other  conditions  may  be  imposed.  In 
each  case  the  frog-angles  or  numbers  and  the  distances  between 
centers  of  body  tracks  must  be  known,  together  with  any 
other  data  which  the  conditions  imposed  require.    Detailed 


solutions  for  such  cases,  as  also  for  the  ladder  angle  equal  to 
2F  and  3F,  will  not  be  given  here.  No  special  difficulty  is  in- 
volved in  the  determination  of  the  data  necessary  in  order  to 
locate  the  frog-points. 


B.     Turnouts  from  Curves 

182.  The  Degree  of  Turnout  to  Curved  Main  Track  may  be 
taken  as  equal  to  the  sum  or  difference  of  the  degree  of  main 
curve  and  that  of  a  turnout  from  straight  main  track  where  the 
same  number  of  frog  is  used,  according  as  the  turnout  is  to 
the  inside  or  to  the  outside  of  the  curved  main  track.  This 
b  not  strictly  true,  but  is  near  enough  for  all  practical  purposes. 

In  Article  15  it  will  be  shown  that  if  the  outer  rail  of  the 
turnout  curve  is  assumed  to  be  tangent  to  the  frog  at  the 
theoretical  frog-point,  and  to  the  main-line  rail  at  the  theo- 
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letical  switch-point  (that  is,  both  frog  and  switch-ndl  asBiiined 
to  be  curved),  the  above  assumption  as  to  the  degree  of  the 
turnout  is  very  nearly  true,  that  is: 
For  turnout  to  inside  of  main  curve, 

A^a+A (233) 

For  turnout  to  outside  of  main  curve, 

Dt==Ih-D, (234) 

D  is  the  degree  of  main  curve,  A  the  degree  of  turnout  from 
straight  main  track,  and  A  the  degree  of  turnout  from  the 
curve. 

In  Article  15  it  is  also  shown  that  the  leads  may  be  taken 
the  same  as  for  tiunouts  from  straight  main  track  without 
involving  any  material  error. 

183.  For  Turnout  to  Inside  of  Curved  Main  Track,  Given 
Bf  the  Radius  of  Main  Track,  R^  the  Radius  of  a  Curve  to 
Connect  the  Main  Track  and  a  Branch  Line,  the  Point  of  Inter- 
section of  Main  Line  and  Branch  and  the  Angle,  /,  between 
the  Branch  and  the  Tangent  to  Main  Curve  at  the  Intersection, 
Required  the  Data  Needed  to  Locate  the  Frog  from  tills  Inter- 
section Point 

Fig.  90  shows  the  notation  which  will  be  used  for  this  case. 

Through  the  theoretical  frog-point  draw  HO(=R)  perpen- 
dicular to  main  line  side  of  frog,  and  NQ  perpendicular  to  its 
turnout  side  to  meet  a  line  from  0  at  right  angles  to  NQ.  From 
W,  the  end  of  frog  tangent,  draw  WV  parallel  to  NQ.  NO" 
B-ig  and  angje  QNO^F. 

.-.  Oi\r=(fi-i^)cosF,  and  QO = (fi -i^)  sin  F. 

Also,  since  Oi  is  the  center  of  turnout  curve  having  the  radius 
Ru  OiV^{R-ig)coaF-Ri,  and  07= (fi-i^)  sin  F-(p+ifc). 
In  triangle  OVOi 

OV    (R—ig)  sm  F— (p-|-A?)'  ^      ' 

and  00i=0V Beca=l(R-ig)  sin  F-(p-hifc)]sec o. 

Draw  OJ  perpendicular  to  OiE.  Then  OiJ^Ri—RcobI, 
and 

„.    .    Oif    Ri-Rcoal  .     ,o«>.v 

^^=Oa;"l(i2-k)8inF-(p+ib)JseCii^8^^  ^^^^ 
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From  the  %ui^. 

a;=a+6-|-(90^-/)-(90^-F)=a+6+F-/,    .    (237) 
y-180'»-[(90^-a)+(90^-6)]=a+6.     •    •    .     (238) 


:1 
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Prom  A  measure  the  arc  ^F  =  angle  x  divided  by  D,  in 
chains,  and  set  H  opposite  the  theoretical  frog-point.  E  is 
located  from  A  by  measuring 

'AE^AG''EG=^R^nI-(Ri-RcosI)cotb    .    (239) 

The  curve  EW  is  now  run  in  the  usual  way.  W  is  located 
from  B,  which  is  at  a  distance  gN  back  of  H  on  the  tangent 
to  the  main-line  curve  at  H,  as  indicated  in  the  figure. 

Should  the  main-line  curve  pass  to  tangent  between  H  and 
A  of  Fig.  90,  it  may  be  continued  on  the  ground  imtil  it  inte^ 


TURNOUTS,   FROGS,  AND  SWITCHB8.  175 

sects  the  tangent  GA  at  A,  where  the  angle  /  is  measured,  alter 
which  the  problem  becomes  the  same  as  above.  If  preferred 
the  distance  may  be  measured  from  the  P.T.  of  main  line  curve 
to  the  point  where  GE  produced  meets  the  main  line,  after 
which  a  perpendicular  to  GE  produced  is  let  fall  upon  a  line 
through  the  P,T.  of  main-line  curve  parallel  to  GE  produced. 
The  distance  from  the  PT.  to  i4  is  then  measured.  All  the 
angles  of  the  right-angled  triangle,  formed  as  above,  and  one 
side  now  become  known,  and  the  other  two  sides  may  be  com- 
puted, after  which  the  problem  will  be  solved  as  before. 

Example. — Given  a  l^'SO'  main-Une  curve,  7=80®,  A; =40 
feet,  and  N^IO.  Required  angles  x  and  y  and  the  distance 
AE  for  an  8°  connecting  curve. 

R    /oQK^  (3819.83  -2.35)  X  0-99502  -716.34 

I5y  (J36;,  tan  a     (3319  33  _2.35)  X0.09976 -  (0.42+40.0) 

^^^•^^ =8.76041  =tan  83»  29'. 


1 


By  (236),  sm  6  = 


340.41 

716.34-3819.83X0.17365       53.10 


340.41  X8.85628  3014.77 

=0.01761  =sinlM'. 
By  (237),        a;=83°  29'-|-r  l'+5°  43i'-80^  O'-IO**  13i', 

which  calls  for  681.7  feet  from  fl"  to  A  on  main-line  curve. 

By  (238),  y=a-{-6=84°30',  corresponding  to  1056.25  feet 
around  the  8°  curve. 

By  (239),  il^=38.1983X0.98481-53.10X56.3506=769.2  ft. 

184.  For  fhe  Same  Data  Given  in  183  to  Locate  the  Frog 
and  Rim  the  Connecting  Curve  when  the  Turnout  is  to  Out« 
side  of  Curved  Main  Line. 

Let  the  notation  and  the  construction  lines  be  as  shown  in 
Pig.  91. 

In  triangle  LOHj  LOi^R+ig)  is  perpendicular  to  main 
side  of  frog,  LH  is  perpendicular  to  turnout  side  and  OH  is 
parallel  thereto.    From  the  figure, 

OH  =-0L  sin  OLH=^(R+ig)  8m  F,       ...     (a) 
£rL=OLcosOL£r  =  (i2-|-i(7)coBF^o@gk  •    Q>) 
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In  triangle  OdQ  (OiQ  paraUel  to  LH), 

O0  =  (i2+k)8mF+(p+fc),  ' (c) 

Oil 


.^/ 


^s'JV 


\ 


X 


y 


Pia.  91. 


OOi=VO0»H-O,Q»-O0s^r^TO 


a.  (241) 
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Produce  the  tangent  SE  throu^  A,  where  it  intersects  the 
center  line  of  main  curve,  to  G,  the  foot  of  a  perpendicular 
from  0.    In  triangle  AOG, 

OG-iJ cos/,    and    AG^RwiI, 

where  /  is  the  measured  angle  between  EA  and  the  tangent 
to  main  curve  at  A,  Draw  OJ  parallel  to  GA  to  meet  OiE 
produced. 

OiJ^Ri+Rcoal, 

-  ,     ,       Rl  +  J?  cos  /  /nAn\ 

and  sm6= — '-^ ,        ....    (242) 

also                 il^-0/-OA=OOicos6-i2sin/.      .    .  (243) 

From  the  figure, 

a;«6-(90-/)-[a-(90-F)]=&+/-F-a,     .  (244) 

y=*'(90-6)-(90-a)=a-5 (246) 

The  field  work  will  now  be  the  same  as  for  183. 

Example. — ^Find  arc  AL  and  also  that  from  end  of  frog- 
tangent  to  E  for  turnout  curve  when  the  turnout  is  to  out- 
side of  a  3®  curve,  angle  7=30  degrees  and  a  No.  10  frog,  the 
joining  curve  of  turnout  beyond  end  of  frog  tangent  to  be 
S  degrees,  and  the  frog-tangent  to  be  40  feet  long. 

^    ,      .  (716.34-f2.35) +(1910.084-2.35)  X0.99502 

I5y  czw;,  tan a=    (1910.O8+2.35) X 0.09976 +(0.42+40) 

-^1  =  11.3391 -tan  84»  67i'. 

By  (241),    0(?i -231.2X11.3823  =2631.6. 

By  (242),  ,i,,^716.34+19^.08X0.86603^^^^ 

=sin  64**  16'. 
By  (243),    AJB=2631.6X0.4342--191(^6ix6!s25^S  feet. 
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By  (244),        x=64*^16'+30°0'-5M3§'-84*'57i'=3'*35'. 
By  (245),        y=84° 57i'-64''  16'=20*' 41^. 

Then  the  arc  AE  will  equal  3°  35'  divided  by  3**  =  1.194 
stations  =  119.4  feet  on  main  line  curve,  and  the  arc  which 
covers  y  on  turnout  curve  is  equal  to  20**41i'  divided  by  8** 
-2.5865  stations,  equal  to  258.65  feet. 

Article  15.    Turnout  Formulas  for  Curved  Switch-raha 
AND  Frogs. 

185.  The  treatment  of  Frogs  and  Switches  given  in  Article 
14  should  be  followed  aa  a  general  rule,  as  agreeing  with  the 
practice  where  switch-rails  and  frogs  are  constructed  on  tangent 
lines.  Both  switch-rails  and  frogs  may  be  built  on  curved 
lines,  however,  and  even  if  straight,  the  assumption  that  the 
turnout  curve  is  tangent  to  the  main  rail  at  the  theoretical 
switch-point,  and  to  the  frog  at  the  theoretical  frog-point,  lead 
to  so  much  simpler  formulas  that  for  many  cases  they  may 
be  used  with  sufficient  precision  to  meet  existing  conditions. 

A,     Turnouts  from  Straight  Line, 

186.  Given  N  and  g  to  find  I  and  R,  or  Z>,  for  Turnout  from 
Straight  Main  Track. 
In  Fig.  92,  AB  bisects  angle  EBC(-=F). 

.-.  CB^g  cot  iF,    or    l=2gN,    .     .     •    ,     (246) 

From  triangle  OBC,  {R-^igy-{R-\gy^l^  =  (2gN)K 

:.  R^2gN^=lN,       (247) 

Writing  5730  divided  by  D  f or  i2  in  (247),  we  get, 

«=^-    •    •« (248) 

For  standard  gauge  track  (flr=4'  8§")  these  formulas  become, 
i=9.42Ar  feet;  R^9.42N*  feet,  and  D=-6ofe'Vj^  de^ees. 
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r  For  the  distance  from  theoretical  switch-point  to  theoretical 
frog-point  we  have 

Prog-distance  (/.d.)  =  vlM^=^V4i\r»+i*=^  cosec  F.    (249) 


/ 

^                Q     E 

■^ 

^^?v 

0 

A 

Fia.  92, 

187.  To  Find  the  Theoretical  Length  of  Switch-rail,  8,  for  a 
Given  Throw,  t. 

In  practice  both  switch-rails  are  made  the  same  length, 
so  in  Fig.  92  assmne  Aff=CL= distance  from  N  back  to  head- 
block  on  center  line  of  both  tracks.  Also  assmne  GH=KL 
=NM—i.  From  the  right  triangle  formed  by  joining  0  and 
Af ,  and  taking  the  length  of  tangent  from  head-block  to  M 
as  equal  to  the  arc  between  head-block  and  AT,  and  calling 
this  length  8,  we  have  by  geometry, 


from  which 


8* 


t  = 


2B-\-t' 


Neglecting  t  in  the  denominator  as  small  in  comparison  with 
2Rf  and  solving  for  8,  we  get 


8^V2Rt  =  2NV0^ 


(250) 


By  writing  i2=57304-D  in  (250)  and  reducing,  there  results 

Diqitized  by  >^005lC 


8 =107  y/t-i-D. 


(251) 
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188.  Given  the  Main  Frog-number,  If,  to  Find  the  Num- 
ber, i^i ,  and  Lead,  li ,  of  Orotch-frog  for  a  Turnout  from  Both 
Sides  of  Straight  Main  Track. 

In  triangle  OCH,  Fig.   93,  re- 
membering that  B  =  2gN*, 


cos  iFi  = 


4y« 


.(252) 


Then,  by  (205), 

2fi=icotiFi,  .    .    .    (263) 
From  the  figure  and  (206), 


also. 


^1  =V(ii+W-'  i^=  Vikf-\-iff^ 

=  gi/^Ii^-\-i (255) 


Equating  these  values  of  li  and  solving  for  iTi  gives 


iT.  = 


i/2JV«  +  f 


(256) 


If  the  }  in  denominator  be  neglected  as  small  compared  with 
2A^,  (256)  becomes 


-^1  =  -^=  0.707JV: 

4/2 


....     (257) 
If  in  (255)  we  neglect  the  }  under  radical,  there  results 

li  =  gN  i/2  =  lAUglf  =  0,707L    .    .    .    (268) 

The  distance  between  main  and  crotch  frogs  measured  along 
main  rail  is 


l-lx^^gN-g  |/2iV^«  -f  i,  ....    (269) 
or,  approximately, 

l^l,  =  2gN-  \AUgN  ^  0.58%JVr  =  0.293^.    .     {^^) 
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189.  To  Find  the  Radius,  R,  of  Turnout  and  Lead|Ii,of 
Crotch-frog  in  Terms  of  the  Crotch-frog  Number^  Ni  • 


Prom  (267), 


y^ «  9ifi«. 


Insert  this  in  (247)  and  (254),  giving 

<B  =  ^  .  2i\ri«  -  ^iTi*, .    .    .    (261) 

,  =  ?^=2,^. 


Bemare. — In  general  the  frogs  kept  in  stock  by  numufacturers 
do  not  afford  suitable  combinations  of  numbers  for  double  turn- 
outs. For  instance,  the  theoretical  number  of  crotch-frog  for  a 
number  8  main  frog  is,  by  (356)  or  (257),  iVi  =  5.66,  and  we  should 
be  compelled  to  use  a  number  5i  or  6  for  the  crotch-frog;  this 
would  necessitate  a  different  rate  of  curvature  from  crotch  to 
main  frog  than  from  head-block  to  crotch. 

190.  Oivea  the  Numbers  of  Middle  Frog,  Ni ,  and  of  Main 
Frogs,  iV  and  N\  to  Find  the  Radii  i?i  from  Point  of  Switch 
to  Orotoh-frog,  and  B  and  It,  from  Crotch  to  Main  Frogs. 

In  Fig.  94  we  have,  by  (261), 

and.  by  (262), 

NO:=lt=  2gNi. 

Now  if  Fi ,  F,  and  F'  are  the  an- 
gles of  the  frogs  J^Ti,  JV,  and  If, 
the  angle 

COH=F^iFx, 

and 

CHO==F-'UF-\F^)==i{F+iFty 

Since  CO  =  \g,  the  triangle  CEO 
yields 

Off  =  \g  cot  i(F+  iFi).  .    (268) 

But,  by  trigonometry. 


cot{iF+iF^)  = 


1  —  tan  jF.  tan  jF, 

~  tan  JF-f  tan  iFi  '  gle 
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Aasume  tan  iFi  =  )  tan  ^Fi ,  and  write 

and  after  simplifying  and  reducing, 

Tlie  last  terra  is  quite  small,  rarely  amounting  to  as  much  as 
one  inch,  and  may  be  neglected  ;  then 

From  the  triangles  LCO  and  KEO, 

tR  +  l^)COSfP|-  (i?  +  fe')C06i?'«|^, 


whence 


^  +  *^~2(cosjF,  -cosF) 


(266) 


In  like  manner  for  the  curve  CE, 


ME  =  ij7  cot  \{F'  +  ii^,)  =  ^N^^N"    '    •    ^^^"^^ 
^'  "^  ^^  "^  2(cos  \F'-  cos  2i^  )•       '     •     • 


Example.— Given  iV,  =  6,  iV^=  8,  and  iV'  =  9,  to  find  the  lead 
/,,  the  distances  GH  and  ME,  and  radii  i?,  i?i ,  and  i^^  ^  being 
4.75  ft.  ^ 

By  (261),    i?,  =  19  X  6^  =  684  ft.,  an  8'  23'  curve. 

By  (262), .    ii  =  9.5  X  6  =  57  ft. 

By  (265),  on  =  — ^fi^rf^  ^  22.8  ft 

By  (267),  ME  =  24.4  feet.  n         \ 

Digitized  by  VjOOQ  IC 


By  (266)      R  = 
a  10*  28'  curve. 

By  (268),   B' 
a  6**  32J'  curve. 
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2(cos  4**  46'  -  cos  7°  9') 


183 
-  2.88  =  547.4  ft.. 


4.75 ^ 

2(co8  4M6'  -  cos  6' 22) 


-2.88  =^876.4  ft. 


191.  Given  the  Number,  H,  of  the  Two  Main  Frogs  and  the 
Gauge,  g,  to  find  the  Orotch-frog  Number,  i^Ti ,  its  Lead,  li ,  and 
the  Radius,  Bi ,  of  Curve  through  Crotch  wlien  the  Double 
Turnout  is  to  Same -Side  of  Straight  Main  Track. 

In  Fig.  95  tbe  frogs  at  B  and  0  are  of  the  same  number,  and 
may  be  taken  as  falling  on  the  same  straight  line  through  the 
center  0.  Angle  0,(?0  =  90**  -  00 L  =  F,  and  tbe  triangle 
OOi 6^  is  therefore  isosceles;  hence 


or 
whence 


o^a  =  0,0  =  Oil  -  OiO  « iOA, 

B^  +  y  =  i(R+y). 
B,  =  iB-y. 


Ok 
Fxa.  85. 

Now,  by  the  same  reasoning  as  in  167,  2yJ^,*  =  Bi ,  whence 


^'  "  V  2g'~  y  4g  ""  g^dbyGoogk 


(270) 
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Neglecting  the  J  ander  radical  and  writing  B  =  2gN*  gives 

Niz=~=  .mN, (871) 

which  is  identical  with  (222)  for  turnouts  to  opposite  sides.    For 
EC  and  EB,  as  in  167,  h  =  2gNi  and  I  =  2gN.    Hence 

CB=l'li=  %g(N-'  If,) (272) 

ExAMPLB.  •— Find  Ifi,  Bi,  and  I  —  li  where   iV=9  and 
g  =  4.75  ft. 
By  (247),     B    =  9.5  X  81  =  769.5  ft.,  a  r  27' curve. 
By  (269),     Bi  =  884.75  -  1.19  =  888.56  ft ,  a  14"  66'  curve. 
By  (271),     JTi  =  .707  X  9  =  6.86. 
By  (272),      OT  =  i  -  /i  =  9.5  X  2.64  =  25.08  ft. 

Remark. — It  may  now  be  seen  that  the  proper  combination  of 
frogs  for  a  double  turnout  to  opposite  sides  applies  also  where 
the  turnouts  are  to  same  side  of  straight  main  line.  Also  they 
apply  to  turnouts  from  apposite  sides  of  carved  main  line  when  its 
radius  is  not  less  than  that  required  by  main  frog  for  straight 
track. 

192.  Given  the  Number  of  Main  Frogs,  iT,  and  of  Orotohp 
/rog,  2^1 ,  to  Find  the  Radius  of  Ourve  between  Frog-points  of 
a  Double  Tomont  to  Same  Side  of  Straight  Track. 

A 


Fio.  96. 

In  Pig.  96,  020z=Bt  + 1^,  and  the  chord  CO  must  be  detei^ 
mined.  The  frogs  at  B  and  O  being  of  the  same  number, 
OtOO  =  OOOi  =  F  iaid  COiE  =  F,.        ogtzedbyGoogle 
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Draw  G'J? perpendicular  to  EB;  then  in  triangle  BOH 

OH  =  g  cos  F. 

Draw  OtL  perpendicular  and  6^ JT  parallel  to  FB;  from  tri- 
angles O^OK and  OtCL, 

(Bt  +  iffYfios  2^1  -  cos  9iO  =  -ffX  =  OH=g  cos  F, 

o  cos  F 
whence  JJ.  +  j^  =  _|^___j, .    .     .     .     (278) 

From  triangle  OtCO,  since  CO^O  ^  2F  -  Fi, 

CO  =  2(iJ,  +  iflr)  sin  1(2^  -  Fi).  .    .     .     (274) 

ExAMPLB.— Given  JIT  =  8,  ilTi  =6,  and  g  =  4.75,  to  locate  the 
tomout. 
By  (247),  i?  =  608  ft.;  Bx  =  342  ft. 

By  (278),  Bt  +  lg  =  274.5  ft. 

By  (274),  CG' =r  22.8  f  t 

Ids.  Given  the  Frog-number,  N,  the  Gauge,  g,  and  Distance, 
p,  between  Centers,  to  Uidte  Main  Line  with  a  Parallel  Siding 
when  the  Rewersing-point  Ui  at  Froff-point, 


^0, 
Fig.  97. 

In  Pig.  97,  SOi  =  i?i  -  i^  and  BE  are  required. 
In  triangle  BO.je;  BO,  =  i?,  -  ig,  EO,^  B^  +  ^^  p,  and 
angle  BO^E  =  F,    By  trigonometry,  tized  by  Google 
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(A  -  fey)  +  W  +  i^  -  y)  _  tan  1(180-  -  F) 
(-Ri  -^)-(Bx  +  \g-'P)~         tan  \F 

^^  p  -  p        tan  iF      ^  ' 

whence  A  .=  2(p  -  5r)iir»  +  Jp, (275) 

B^  =  (i?i  -  i^)  dn  JP: (376) 

»W  7 

From  the  similar  triangles  ABQ  and  B€E,  =  -,  from 

p  —  g      g 

which 

BE^^^i?-Xy    .    .    .    .(277) 

Example.— Find  Rx  and  P^  when  JIT  =  8,  p  =  12.85  ft, 
p  =  4.75  ft. 

By  iWlSU     Bi  =  15.2  X  64  +  6.2  =  979  ft.,  a  5'  51'  curve. 

By  (246),        i  =  9.5  X  8  =  76  ft. 

By  (277),    BE  =  (2.6  -  1)  X  76  =  121.6  ft. 

Remark. — ^If  space  requires  that  the  turnout  get  away  from 
main  line  more  rapidly  than  by  the  above  method,  we  can  assume 
the  second  radius  equal  to  or  less  than  the  radius  of  turnout  and 
find  the  reversing-point  by  131,  and  then  compute  BE. 

B,    Turnouts  from  Curves, 

194.  Given  the  Radius  of  Main  Curve,  the  Frog-number, 
and  the  Oauge,  to  Find  the  Radius  and  Lead  of  Turnout  from 
Concave  Side  of  Main  line. 

In  Fig.  98,  AB  is  the  outer  rail  of  turnout,  CB  the  inner  rail  of 
main  track.    In  triangle  OAB,  since  O^BA  =  OAB, 

OBA  -  OAB  =  F, 
OBA  +  OAB  =  180''  -  e, 
and     Oil  =  i?  +  ig,  OB  z=  B  -  ig. 
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Theo,  by  trigonometry, 

( Jg  +  jg)  -f  (i?  "  ^g)  _ tan  4(180  -  B)       cottQ 
(-B+^)-(-K-^)~        tan  ii^       ""touljy 


187 


2R  ■  R 

Reducing,      cot  JO  =  —  tan  Jl^  =  -^ 


Then 


i  =  B(7  =  2(5 .-  \g)  sin  J9. 


(W) 


(279) 


If  the  length  of  AB  is  wanted,  we  can  show  that  the  angle 
ABC  =  iF;  and  by  solving  the  triangle  ABC,  since  ACB  = 

^  cos  IQ 


To  find  Et ,  from  triangle  Ot AB, 

2(i?,  +  H^)  sin  4(27*  +  6)  =  ^^. 
Or,  in  triangle  BOtC, 


(380) 


(281) 


(g«  -h  iy)  -f  (5i  -  y)     tan  i[180  -  (2^4-  0)]  ^  cot  i(F-h  0) 
(i2.  +  J^)-<JK,-J^)"  tanli^  -       tan  JF     * 


188    A  FIELD-HAKUAL  FOR  BAILBOAD  EN6INEBB8. 
Reducing  and  solving  for  jfft. 

A  =  |.55\£^^  =  |.ootiF.cat}(^+.)..    (882) 

But,  from  trigonometry 

Substitute  this  in  (282)  and  write 

cotJi^=2JVr,    tAniF=^,     tanJ6=^, 
and  reduce ;  then 

^  ~     R^^N* 

For  2glP  write  Ri ,  the  radius  of  turnout  from  straight  track, 
and  neglect  the  ^f  in  numerator  as  small  compared  with  B ;  then 


*  =  5^- (^ 


How  write 


„       6780      «         W80      „        6780 

and  reduce,  yieldfaig 

Dt^D  +  Di (285) 

Formula  (285)  affords  an  easy  method  of  finding  the  degree  of 
turnout  curve,  or,  if  preferred,  the  radius  may  be  first  found  by 
(284). 

Draw  Oi7  to  the  mid-point  of  CB\  Oi^does  not  differ  greatly 
from  OB  or  OC ;  so,  if  we  write  OE  =  B  —  ig,  there  results 

i  =  2(JR-i^)tanie  =  2(2J-.if;r)^^  =  5^i^-^,    (280) 

The  last  term  is  quite  small,  even  in  the  most  extreme  case 
likely  to  arise  in  practice ;  for  a  turnout  from  a^*  curve  with 


TURNOUTS,    FROGS,   AND   SWITCHES. 


189 


number  8  frog  it  araouDts  to  only  ^  inches ;  neglecting  it,  we 
may  write,  as  for  straight  main  track* 


I  =  2glf, 


(287) 


Example.— Turnout  from  inside  of  a  4*  curve,  N=S,  g=: 
4.75  ft 

By  (247).   -Bi  =  9.5  X  64  =  608  ft,  a  9'  26'  curve. 

By  (285),   i>,  =  4**  +  9"  26'  =  13°  26',  for  which  Bt  =  426.8. 

By  (287),      I  =  76  ft 

193*  Given  the  Frog-number,  the  Gauge  and  Radius  of  Main 
Curve,  to  Find  the  Lead  and  Radius  (or  Degree)  of  Turnout 
from  OcmvejL  Sid«  of  BSain  Iiin«. 

In  triangle  AOB  of  Fig.  99,  ^  +  ^  «  180®  -  e, 

A^B^  (180*  -  OtAB)  -(180®  -  O^A  ^  F)  ^  F. 


Fio.99. 


By  trigonometry, 

(J?4-  k)  +  (i?  -  ho)      tan  K180  "  B) 
i^  +  iff)-iB-ig)^       tanji?*       ' 

or  2^^,^ti£ 

g       tan  iF 

whence  cot}^  =  —  tanii?** -—.edbv.Gpo^I^    (288) 
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From  triangle  OCB, 

l=CB^2{R'^ig)a\iiie 

Assuming  0E=  B+  \g, 

^  =  2(i?  +  \g)  tan  y 

^B+lg)J-^=2gJ^  +  ^.     ....     (290) 

Neglecting  the  last  term,  as  in  194, 

I  =  2g]!f, (291) 

which  is  the  same  as  (246). 
In  triangle  GO2B,  0^^  F-0. 

:.  tan  JOi  =  tan(JJ7'-  iS). 

We  may  now  follow  the  same  Um  of  reasoning  by  which  (284) 
was  derived,  or  more  simply  by  assuming  the  tangent  of  the 
difference  of  two  small  angles  equal  to  the  difference  of  their 
tangents;  that  is,  tan  }(?«  =  tan  ^F  —  tan  }&. 

Now  it  can  be  easily  shown  that  tan  ^0%  =  ^  ;  therefore 

Bf,  ■"2iV      22' 

11111 
whence  ^  =_,-_=._._  ^, 

from  which  Bt  =  -5 W 

J{  —  Hi 

w-**    i>        5730    _        6730    -,       5780        ,     ,      .      ^ 
Write  i?9  =  -rT,  Bi  =  -=—,  B  =  -jr- ,  and  solve  for  Di. 

D^-  Dx  -  D, 

in  which  Dx  is  the  degree  of  turnout  from  straight  track. 

Example. — Turnout  from  outside  of  a  4**  curve,  JIT  =8, 
g  =  4.75. 

By  (247),     i?i  =  9.5  X  64  =  608  ft.,  a  9°  2G'  curve. 

By  (293),     Da  =  9°  26'  -  4°  =  5*  26',  for  which  B  =  1054.9. 

By  (291),        i  =  9.5  X  8  =  76  ft. 

Prom  (288)  we  have,  by  inverting, 


'-*«  =  im7-  =  »-i' 


81' 
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and,  by  (289), 

I  =  2870  X  sia  I''  31'  =  75.97  ft., 

a  difference  of  only  0.03  ft.  from  the  value  given  by  (291). 

196.  Given  the  Distance  p  between  Center  Lines  of  Onrved 
Main  Line  and  Side  Track,  the  Frog-angle,  F  (or  Number,  N), 
and  Gauge,  g^  to  Find  the  Radius  and  Central  Angle  of  Curve 
beyond  Frog-point. 

First  Case. — Turnout  from  (mtside  of  main  line. 

In  Fig.  100,  0  is  the  center  of  main  curve,  Oi  the  center  of 


curve  whose  radius  is  required.    In  triangle  BOG, 

CO  =  R  +  p-\g,    BO^R+\g. 
By  the  same  reasoning  as  in  194, 


(294) 


p-g         -         ^N{p  -  g) 
In  triangle  OOiB,  OiB  =  i?i  —  \g\  then,  by  the  law  of  sines, 

....    (295) 
Alao, 


^^^       sin(i/'+0)'      '   ''''■ 
BE  =  2(i2  +  \g)  sin  ^0.    dk,  t  z,d  byG©oglG    (296) 
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Second  Cask.-— Turnout  from  inMe  qf  main  track. 


Fig.  101. 
In  Fig.  101,  we  have  from  triangle  BOE,  reasoning  as  in  196, 


,,^      2B-P,      ,™         2R-P 


and  from  triangle  OBOu 


^>-*^=8W^)<^-*^)- 


Also, 
and 


S(7=2(J2-iflf)8lnie,  .    .    •    • 
BE  =  2(Bi  -  Ig)  sin  1(F  -  0). 


(299) 
(300) 


When  0  is  greater  than  F,  sin  (F—  S)  is  negative,  Wcl  center 


Ot  falls  on  same  side  as  O.  and 
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....     (801) 
BE''2(Ili  +  ig)8ini(6-F) (802) 


*  +  i^-ito^^(*-*^)' 


C.     The  Stub  Lead. 

107.  When  the  frog-number  exceeds  seven,  the  length  of 
switch-rail  required  to  give  the  necessary  clearance  at  heel  be- 
comes greater  than  is  allowed  in  practice.  To  overcome  this 
difficulty  slightly  more  curvature  is  given  the  switch-rail;  more- 
over the  physical  point  of  switch  is  necessarily  some*  distance  in 
advance  of  the  theoretical  point.  The  distance  from  heel  of 
switch  to  point  of  main  frog  will  then  be  the  same  as  from  head- 
block  of  stub  switch  to  main  frog-point,  and  is  termed  the  Stub 
Lead.  If  to  this  distance  the  length  of  switch-rail  be  added,  we 
get  the  distance  from  the  head-block  of  a  point  switch  to  the 
point  of  main  frog,  which  is  the  Short  Lead  required  in  practice 

198.  Given  the  Throw,  t,  the  Gauge,  g^  and  the  Frog-number, 
N,  to  Find  the  Stub  Lead,  a.L 
In  Pig.  102,  KB  is  the  stub  lead  required ;  G^  =  KL,  the  throw. 


From  (246), 
and  from  (250), 
From  the  figure, 


Fio.108. 

«»  CK^2NVgt. 
KB^  CB-GK, 


or 


.''•'•"^^(^-^^.•..•Gbdgle 


(808) 
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Formula  (303)  may  be  employed  for  turnouts  from  curves  as  well 
as  straight  lines,  since  it  was  shown  that  the  formulas  from  which 
it  was  derived  may  be  employed  even  when  the  curvature  of  main 
track  is  considemble. 

Below  is  a  table  of  values  of  (<g  —  4/^)  for  some  of  the  more 
common  values  of  g  and  U 

TABLE  OF  VALUES  OF  ^  —  VJT. 


8  Feet  Gauge. 

4  Feet  84  Inch  Gauge. 

4  Feet  9  Inch  Gauge. 

Throw. 

flf- V5?. 

Throw. 

g-Vgt. 

Throw. 

g  -  Vflf*. 

Inches. 
8 

Feet. 
2.18 
2.06 
2.00 

Inches. 
5 

Feet. 
8.808 
8.239 
8.206 

Inches. 
6 

Feet. 
8.848 
8.275 
8.242 

Example. — Find  the  stub  lead  for  AT  ?=  8,  g  ^  4.75  ft.,  t  *  6 
inches. 
From  the  table, 

^-V^=  3.343  ft., 

and,  by  (303), 

5.Z.  =  16  X  3.343  -  53.49  ft. 

199.  Curving  Rails. — The  proper  curvature  for  a  rail  when 
bent  to  fit  a  given  curve  is  determined  by  the  mid-ordinate 
measured  from  a  cord  stretched  between  the  end-points  of 
inside  faces  of  rail-head.  To  determine  this  ordinate,  sub- 
stitute the  half  length  of  rail,  in  decimals  of  one  himdred  feet, 
for  n  in  formula  (18).     Thus,  for  a  30-ft.  rail,. 

M  =  |(0.15)2D=0.0197/>ft.=0.236Dins.       .     .     (0) 

For  a  33-ft.  rail, 

Af  =  i(0.165)«D=0.024Dft.  =  0.288Dins.       .     .    (6) 

But  by  (248)  D=j^  .  ,  ^^  for  standard-gauge  track,  and 
this  substituted  in  (a)  gives 
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Af,  in  inches,  =-jrrj,  (nearly).        .     . 

Digitized  by  VjOOQ  IC 


(304) 
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By  inserting  above  value  of  D  in  (b)  there  results 

175 

Af,  in  inches,  =-r=j,  (nearly).       .    .     .     (305) 

When  the  turnout  is  from  a  curve  compute  M  from  (304), 
and  the  mid-ordinate  for  a  rail  30  feet  long  on  main  curve 
by  (303);  then  the  mid-ordinate  for  turnout  rail  will  be  the  siun 
or  difference  of  these  values  according  as  the  turnout  is  from 
concave  or  convex  side  of  main  curve. 

200.  The  Turnout  Table  below  gives  the  frog-angle,  the 
radius  of  turnout  from  a  straight  track  and  its  degree,  the 
theoretical  lead,  the  theoretical  length  oi  switch-rail  for  ^=5 
inches,  and  the  stub  lead  for  t  «5,  5 J,  and  5}  inches  for  standard 
gauge  track,  and  frog-numbers  from  4  to  15  inclusive. 

Suppose  the  shortened  lead  to  be  wanted  for  a  number  8 
frog  when  t=5i  inches,  and  the  switch-points  are  16.5  feet 
long.  From  the  table,  the  stub  lead  is  51.3  feet,  which,  added 
to  16.5,  gives  67.8  feet  as  against  67.65  feet  given  in  the  table 
of  practical  leads  recommended  by  the  American  Railway 
En^eenng  Association  for  the  distance  from  actual  switch- 


TURNOUT  TABLE  FOR  STRAIGHT  TRACK. 

4  FEET  8>i  INCH  GAUGE. 


Turn- 
out. 

Theoret- 

Stub-lead for  a 

Throw 

Frog 

NoT 

Angle. 

Theo- 
retical 
Lead. 

Turn- 
out 
Radius. 

ical 
Switch- 
rail  for 

of 

<  =  5In. 

6  In. 

6HIn. 

55iln. 

e        # 

^67 

feet 

O             /   ' 

feet 

feet 

feet 

fiset 

4 

14    15 

150.7 

38    2 

11.20 

26.46 

25.91 

25.65 

6 

11    25 

47.08 

285.4 

24  21 

14.01 

88.06 

82.89 

82.66 

^H 

10    28 

61.79 

284.9 

20    7 

16.41 

36.39 

86.63 

35.27 

tr 

9    32 

66.60 

889.0 

16  54 

16.81 

89.70 

38.87 

38.47 

^ 

8    48 

61.21 

897.9 

14  24 

18.21 

43.00 

42.11 

41.68 

7 

8    10 

65.92 

461.4 

12  25 

19.61 

46.81 

45.86 

.  44.68 

'^ 

7    88 

70.63 

529.7 

10  49 

21.01 

49.63 

48.59 

48.09 

8^* 

7     9 

75.88 

602.7 

9  80^ 

22.41 

62.93 

51.82 

51.30 

^ 

6    44 

80>04 

680.4 

8  25 

23.81 

56.24 

65.06 

64.50 

r* 

6    2tS 

84.76 

762.7 

7  31 

25.21 

59.64 

68.80 

67.71 

^ 

6     2 

89.46 

849.8 

646 

26.61 

62.86 

61.54 

60.90 

10 

5    44 

94.17 

941.7 

6    6 

28.01 

66.16 

64.78 

64.12 

11 

6    12 

108.58 

1139.4 

6    2 

30.81 

72.78 

71.26 

70.53 

12 

4    46 

113.00 

1856.0 

4  13^ 

33.61 

79.39 

77.74 

76.94 

18 

4    24 

122.42 

1591.4 

336^ 

86.42 

86.01 

84.21 

83.86 

H 

4    .5 

m.sa 

1846.7 

8    6 

89.29 

03.63 

90.69 

89.77 

15 

8    49 

141.25 

2118.7 

2  42 

42.02 

99.24 

97.17 

96.a3 
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rail  point  to  theoretical    frog-point,  when  both  switch-point 
and  frog  are  straight. 

For  a  number  10  frog  the  table  here  gives  80.62  feet  for 
the  lead,  as  against  77.51  from  the  table  of  practical  leads 
above  referred  to,  while  for  a  number  12  frog  with  22  feet 
points  in  both  cases  the  two  values  are  98.94  and  100.30  feet, 
respectively. 

AimcLB  16.    Crossovers.    iNTERSBcriNa  Tracks.    Wyes. 

201.  Given  the  Equal  Frog  Numbers,  N,  llie  Distance  be- 
tween Centers,  c,  and  th^  Gauge,  g,  to  Locate  a  Crossover 
between  Parallel  Straight  Tracks. 

In  Fig.  103  let  A  be  the  location  of  actual  frog-point  on  one 


FiQ.  103. 

track,  and  B  the  desired  location  of  actual  frog-point  on  the 
other  track. 

Extend  the  center  line  of  crossover  to  intersect  center  lines 
of  parallel  tracks  at  C  and  E.  From  triangle  ECD,  ED =c  cot  F, 
and,  as  is  evident  from  the  figure. 


x=ccotF-2^iV-2p. 


(306) 


But,  from  trigonometry. 


^P    cot'j/^-l    4iNr«~l     ^    -„ 
^^^=2cotiF  =-4i\r=^"*^' 

...  ^.ci\r-^-2ai\r-2p=iV(c-2i7)-~^-2p. 


(307) 


The  distance  along  parallel  tracks  between  theoreticid  frog- 
points  is  x-f  2p.  t  ed  by  Goo^ 
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TABLE  OF  DISTANCES  BETWEEN  ACTUAL  PROG-POINTS  BY 
FORMULA  (307)  FOR  CROSSOVERS  BETWEEN  PARALLEL 
STRAIGHT  TRACKS. 


N, 

#». 

P 
in 
Ft. 

Distance  c  between  Track  Centers. 

12.5 

13.0 

13.5 

14.0 

14.5 

15.0 

15.5 

16.0 

7 
8 
8 
9i 
10 

11 
12 
15 
16 
18 

8*  10'  16" 
7   9  10 
6  21  35 
6   1  32 
6  43  29 

6  12  18 
4  46  19 
3  49  6 
3  34  47 
3  10  56 

0.29 
0.33 
0.37 
0.40 
0.42 

0.46 
0.50 
0.62 
0.67 
0.75 

20.58 
23.61 
26.66 
28.16 
29.68 

32.72 
35.74 
44.80 
47.80 
53.83 

24.06 
27.59 
31.15 
32.90 
34.67 

38.21 
41.73 
52.39 
55.79 
62.82 

27.54 
31.58 
35.63 
37.64 
39.63 

43.70 
47.72 
59.78 
63.79 
71.82 

31.01 
35.56 
40.12 
42.37 
44.64 

49.19 
53.71 
67.28 
71.78 
80.81 

34.51 
39.55 
44.61 
47.11 
49.63 

54.67 
59.70 
74.77 
79.77 
89.80 

37.99 
43.53 
49.09 
51.86 
54.62 

60.16 
65.69 
82.26 
87.76 
98.80 

41.48 
47.51 
53.58 
56.58 
59.60 

65.65 
71.68 
89.75 
95.75 
107.79 

44.98 
51.50 
58.06 
61.32 
64.59 

71.14 

77.67 

97.24 

103.75 

116.78 

202.  Given  the  Unequal  Frog  Numbers,  Nj  and  N',  fhe 
Distance,  c,  between  Centers,  and  the  Gauge,  g,  to  Locate  a 
Crossover  between  Parallel  Straight  Tracks. 

Let  the  notation  be  as  shown  in  Fig.  104.  Some  latitude 
in  the  selection  of  R  may  be  allowed,  but  it  is  probably  best 
to  take  it  about  equal  to  the  radius  of  turnout  which  has  the 
larger-angled  frog,  and  ta  make  the  curve  tangent  to  the  heel 
of  the  smaller-angled  frog.  This  will  require  the  insertion  of 
a  short  piece  of  tangent  between  the  heel  of  the  larger-angled 
frog  and  the  beginmng  of  the  curve. 

From  triangle  CHL,  smce  the  side  C£r(=/2  tan  i(^-^') 
'\'k'-\'p'+gN')  is  known, 

q'^LH^CH  cos  F',    and    n=CL  =  C£rsinF',    .  (a) 

In  triangle  ECGj  m^c—nt  and  therefore 

EC^gN+p+k+Rt&ai(F-'F')=-mcoaecF  .    .  (6) 

and  q=^EG=m  cot  F (c) 

From  (6), 

ib=mcosecF-bAr+P+i2tan}(F-F')I.       .     (308) 

The  distance  between  actual  frog-points,  measured  along 
the  parallel  tracks,  is,  from  the  figure, 

x=(«+«')-(i/iV+P+aJV'tAGoogk<309) 
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Fia.  104. 


203.  Crossovers  between  Concentric  Cttrved  Tracks  some- 
times are  a  necessity,  but  they  should  be  avoided  whenever 
posfflble.  If  they  must  be  inserted,  t^e  same  frog-numbers 
should  be  used  on  both  tracks.  The  distance  between  frog* 
points,  measured  around  a  curve  midway  between  the  center 
lines  of  the  two  tracks  may  be  taken,  with  sufficient  i»recisi<»i 
for  practical  purposes,  the  same  as  for  a  crossover  between 
parallel  straight  tracks.  The  heels  of  the  two  frogs  are  then 
to  be  joined  by  a  curved  track,  tangent  at  the  heels,  and  having 
its  mid-point  midway  between  the  center  lines  of  the  curved 
tracks  and  midway  between  the  frog-points.  The  radius  of 
this  curve  need  not  ordinarily  be  foimd,  as  the  heels  of  the 
frogs  and  the  mid-point  above  mentioned  should  suffice  for 
its  location  on  the  ground. 

204.  To  Connect  two  Intersecting  Straight  Tracks  which 
Make  a  Comparatively  Small  Angle  with  Each  Other,  by  Means 
of  a  Reversed  Curve;  Given  the  Frog  Numbers  N  and  N', 
the  Angle  /  and  the  Distance  from  the  P.  /.  to  the  Actual  Point 
of  One  of  the  Frogs  and  also  the  Two  Radii  of  the  Reversed 
Curve  which  is  Tangent  to  the  Heels  of  both  Frogs.  ^ 
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In  Fig.  105  the  distance  x,  measured  along  one  of  the  inter- 
secting tracks,  and  the  angles  a  and  h  must  be  foimd  and  also 


the  distance  from  the  PJ,  to  the  other  frog-point.    Let  AC^q 
be  known. 

In  the  right  l^angle  LMN,  LM,  and  angle  F  are  known. 

.-.  LN  =  (gN-^p-^k)8ecF,    and    MN^(gN+p+k)t8JiF. 

In  triangle  ASNj  NA  =  g — NC =q— [LN — (gN+p)]  is  known 
and  all  the  angles.    Solve  for  AS  and  NS. 

In  the  right  triangle  OVSy  OS^R-iNS-MN)  and  all  the 
angles  are  known.    Therefore,  OV = OS  cos  7,  and  SV=OS^  I. 

In  the  right  triangle  EHJj  EJ=gN'-\-p'-\-k'^  and  angle 
EJH=F'  are  known.  Therefore,  JH =E J  cos  F'  and  EH^ 
WZ=EJ  sin  F'. 

In  the  right  triangle  O'JZ,  JO'=R'  and  angle  F'  are  known. 
Therefore,  O'Z  =R'  cos  F\  and  ZJ=i2'  sin  F'.    EW=HJ-ZJ, 

In  the  right  triangle  O'GO,  00'=R-\-R'  and  O'G^O'Z^ZW 
^WG(^VO)  are  known.  Therefore,  sin c=0'G -5- O'O,  and 
angle  (i=90°— c  become  known. 

.-.  6=d-F',    and    a=90°-(c+7).     .    .     (310) 
Also  ^=il,S+/SF-0(7-ETr+^i\r'.  dbv^Goggle  (311) 
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In  the  right  triangle  AEUj  AE^^q'-gN',  and  AV^AE 
COB  /. 

.\  x^q-AE co^ I -V'-Q^'-     -     .     •     (312) 

206.  To  Connect  two  Intersecting  Straight  Tracks  by  a 
Simple  Curve  when  llie  Intersection  Angle,  /,  is  Large.  Ghen 
the  Frog  Numbers,  the  Angle  /  and  Radius,  12,  to  Find  Dis- 
tances from  the  P.  /.  to  the  Actual  Points  of  Frogs. 

First  Case.    Frog-numbers  Eqtud, 

In  triangle  AGD  of  Fig.  106,  GD^gN+p-\-k-\'R  tan  i(/-2^ 
(?AD=90^-i/  and  AZX7  =  180°-[(90«-J/)+F]=90^+i/-f. 


From  triangle  AOD 


Fig.  106. 


AG^GD^^^^ 


sin  GAD* 
EvidenUy  q^AC^GA-GC.  t  edbyGpogle 
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By  flabstittitiiig  values 
q^lgN+p+k+R  tan  iiI-2F)]^^^^^-(gN+p); 
or 
q-\gN+p+k+B  tan  (H-mf^^^'^-lgN+p).    .    (313) 

Also,  from  the  figure,  AD^GD  .    /QQ_ir\i  or 

AH^\gN+P'\'k'\-Riaji{iI-'F)i^^j'{'R exsec (i/-F).  (314) 

cos  ji 

Second  Case.    Frog^umbers  Unequal, 

Let  the  frog-niunber  at  C  be  iV  (the  angle  F)  and  that  at 
B  be  iV^'  (with  angle  F').  The  angle  at  the  center  of  the  con- 
nectmg  curve  is  now  /— F— F'.  Extend  ED  to  intersect  AC 
at  L  (not  shown).  In  triangle  LGD  the  side  GD=gN'\rP'\rk 
-j-R  tan  §(/-F-FO,  angle  GDL^I-F-F'  and  angle  WD^F. 
Solve  for  GL=m  and  LD=<. 

In  triangle  ^Lil,  EL  and  all  angles  are  now  known.  Solve 
for  Lii  and  AE.    Then 

CA^LA-^-m-igN+p),    and    AB^AE-ip'+gN'),    (315) 

By  connecting  up  the  tracks  in  two  adjacent  angles  a  Y 
is  formed  and  trains  can  be  turned  completely  aroimd  for 
one  track  or  diverted  to  the  other  track  in  one  direction.  By 
connecting  the  tracks  in  all  four  angles  wyes  for  all  tracks  are 
formed. 

206.  Given  the  Intersection  Angle,  /,  Made  by  a  Straight 
and  a  Curved  Tracki  the  Radius,  i2,  of  Intersecting  Curve, 
Rff  the  Radius  of  a  Curve  uniting  the  Two  tracks,  and  the  Frog- 
Angles,  F,  and  F'  (either  equal  or  unequal),  to  Find  the  Loca- 
tion of  the  Frog-points  and  the  Central  Angle  of  Joining  Curve. 

In  Fig.  107,  DBA  is  the  center  hhe  of  straight  track  and 
SAC  the  center  line  of  curved  track.  The  angle  /  is  measured 
in  the  field.  If  7  is  large,  a  transfer  track  may  be  inserted 
in  any  one  or  all  of  the  four  angles  formed  by  the  intersecting 
tracks,  and  in  the  latter  case  a  system  of  wyes  formed;  but 
if  /  is  small  only  two  such  joining  curves  may  be  inserted, 
one  of  which  will  be  as  in  the  figure  and  the  other  in  the  oppo- 
site angle.    If  7  is  very  small,  this  latter  position  may  neces- 
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sitate  so  long  a  connection,  because  of  the  dearness  required 
at  the  P.I.  that  it  may  not  be  desirable. 


PialOT. 


For  the  case  shown  7,  R^  R\  F,  and  F'  are  known.  The 
arcs  AC  and  VW,  and  also  the  distance  AB,  are  to  be  found. 
Let  the  construction  lines  be  as  shown.  Q  and  Z  are  the  theo- 
retical points  of  frogs. 

In  the  right  triangle  OZM,  OM=^{R-\gXmiF'  and  ZU 
=  (12  -  \g)  cos  F'.  t-ed  by  Google 
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In  the  right  triangle  OO'N,  ON^OM-k!-p\  and  (TN 
^MZ-{R''\-\g).    Hence  we  find 

O'N 
tana=^T^,    and    00' =0^  sec  o. 

From  the  right  traingle  OAD,  OD  ^R  cob  /  and  AD^R  an  I. 

In  the  right  triangle  QEG,  Q^=i2'+J^  and  the  angle  at  Q 
equalsF.    Therefore£:G  =  (/J'+J^) tanFandQ0  =  (i2'+i^)secF. 

In  triangle  O'UG,  right  angled  at  U,  angle  UOV^F,  and 
OV=EG-(k-\-p).  Therefore  0'^=m=0'0  cos  F  and  HG 
=Z=0'OsinF. 

In  the  right  triangle  OCTL,  00'  is  known,  and  O'L^LT-W 

=OD'-HB^OD-l(QG+ig)-HG]y  or,  inserting  values, 

O'L^R  cos  I-(R'+ig)  sec  F- J^-I. 

Therefore 

O'L 
sin  6=^7^,    and    0L=00' cos  6. 

Now,  from  the  figure, 

x=[a-6+(90^/)]-(90-FO=a-6-/+F',  .  (316) 
and  the  length  of  the  curve  AC,  in  chains,  is  x  divided  by  D, 
The  actual  frog-point  is  therefore  to  be  set  at  a  distance  equal 
to  arc  AC—p'  from  A. 

The  length  of  AB  equals  AD-DBy  or 

AB=R^I-OL-m,       ....     (317) 
and  the  actual  frog-point  is  set  at  a  distance  AB—p  from  A. 

The  angle  70'Tf =z=/+x-F-F',  when  divided  by  ly, 
gives  the  length  of  the  connecting  ciurve  in  chains. 

207.  Given  the  Angle  /  and  the  Radii  R  and  Ri  of  Two  Inter- 
secting Curved  Tracks,  the  Frog-angles  F  and  F\  and  the 
Radius  Rt  of  Connecting  Track,  to  Find  the  Location  of  the 
Actual  Frog-points  on  the  Intersecting  Curves  and  the  Central 
Angles  oi  the  Required  Arcs. 

As  in  the  case  of  the  intersection  of  a  straight  and  a  curved 
track,  four  joining  tracks  may  be  inserted  if  the  angle  /  is 
large,  or  two  (and  possibly  only  one)  if  the  angle  is  small.  Let 
Fig.  108  represent  the  case  where  the  joining  curve  is  inserted 
in  the  most  favorable  angle.  By  following  the  same  treat- 
ment as  given  for  this  case,  there  should  be  no  difficulty  with 
the  solution  when  the  joining  ciurve  lies  in  one  of  the  other 
angles.  The  construction  lines  and  notation  of  the  figure  are 
self-explanatory.  *  ^^^  by  CaOO^ 
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Two  sides  and  the  included  angle  are  known  in  triangle 
AOOi.    Solve  for  the  angles  a  and  h  and  the  side  OOi, 

In  the  right  triangle  QOEf  QO,  and  the  angle  EQO  are  known. 
Hence  OJ&=(ii-i^)  sin  F,  and  Q^=(i2-Jy)  cosF. 


Fio.  108. 

In  the  right  triangle  OOjG,  OG=0^-(Aj+p),  andQiG-iW 

QQ 

—  (ft +§^)>  being  known,  we  get  tan  c = 7^:7,  and  OOt ^OOaece, 

In  the  right  triangle  ZOiH,  the  side  ZOi  and  angle  OiZH  are 

known.  Therefore  OiH = (ft  -  i^)  sin  F',  and  ZH  =  (ft  -  ig)  cosF'. 

In  the  right  triangle  O1O2L,  OjL=Z£r-(ft4-k),  and  OiL 

OtL 


Therefore  tand*^^,  and  Oift 
UiLi 


=OiH-(fc'+p')  are  known 
=OiL  sec  d. 

In  the  triangle  OOiOj,  all  three  sides  are  known.    Solve  for 
the  angles  c  and  n.    Then  ^        , 
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2/=o-e+d+F'-90° 


(318) 
(320) 


Also 

The  arc  AB,  in  chains,  equals  x  divided  by  D  and  the  actual 
frog-point  is  set  at  a  distance  AB—p  from  A,  The  arc  AC, 
in  chains,  equals  y  divided  by  A  and  the  actual  £rog-point 
is  set  at  a  distance  AC—p'  from  A, 

The  angle  at  the  center  of  the  connecting  curve  is 

z^I-\-x+y-F-F\ (321) 

and  the  length  of  its  arc  is  2  divided  by  A,  measiued  in  chains. 

208.  To  Locate  a  Y  when  One  Leg  is  a  Straight  Line. 

In  Fig.  109  let  HE  be  the  straight  line,  and  A  the  position  one 
of  the  frogs  must  occupy.  Let  the  numbers,  and  therefore 
the  angles  F,  Fi,  and  F2,  be  known  and  also  the  radii  R  and 
Ri.  It  is  required  to  find  the  distance  AB  between  actual 
frog-points  on  the  straight  track  and  the  central  angl^  x  and 
y  of  the  other  two  legs  of  the  wye.  Let  w,  tt?i,  and  t^i  be  the 
known  spreads  of  the  respective  frogs,  at  their  heels. 


Fio.  109. 
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In  triangle  OiS^Oi,  two  sides  and  the  included  angle  are  known. 
Solve  for  OOi  and  the  angles  a  and  6. 

In  the  right  triangle  OiGQ,  OiG=ft  cos  Fi  and  OG=ft  sinFi. 

In  the  right  triangle  OJL,  OJ^R  cos  F  and  JL^Rmn F. 

In  the  right  triangle  VLMy  FL^^AT-j-p+A;  and  the  an^ 
at  V  equals  F.    TherefcM^  Lilf  =  7L sin F  and  FM=7LcosF. 

In  the  right  triangle  QNW,  QTF=^iVi+pi-|-fa.  Therefcwe 
QN-=QW  sin  Fi,  and  NW=-QW  cos  F,, 

By  addition,  OH=OJ-\-JH^OJ-\-LM,  and  OiE=OiG-{-GE 
^OiG-^-QN.  Hence,  OH  and  OiE  become  known,  and  there- 
fore OiD  =  OiJ  -  OiJS^. 

Hence,  from  the  right  triangle  OOiD, 

cosm=^j-,  •  and    n=90**— m. 

Also,  OD»HE=^00iCosn (322) 

From  the  figure, 

aj =90° -(n+a+F)    ' 
and  ....    (323) 

y:=isoo^(m+b+Fi)  J 

Also    MN=OD-'{JL^QG),    and     VW=MN'\^VM+NW. 

Hence 

AB^VW-l(gN-\-p)  +  (gN,-\-pOl       .    .     (324) 

Set  up  transit  at  L  with  plate  vernier  set  to  F**  back  of  zero 
when  line  of  sight  lies  along  a  line  JL  parallel  to  AB,  Deflect 
to  zero  and  Une  of  sight  will  be  parallel  to  turnout  leg  of  frog, 
and  tangent  to  the  cm^e  LT  at  L.  Run  the  ciurve  to  T,  cover- 
ing the  angle  x.  Measure  MN  or  AB  and  set  up  transit  at 
Q,  after  which  run  arc  QU,  having  the  central  angle  y.  As  a 
check  TU--2.i(g-\'W2)  cos  JF2. 

Either  leg  of  Y  may  be  a  branch  line,  or  this  branch  may 
be  straight  beyond  the  head-block. 

209.  To  Locate  a  Y  when  the  Three  Branches  are  Curved 
and  Convex  toward  Each  Other. 

For  this  c£ise  the  three  radii,  R,  R,  and  ft,  are  known;  also  the 
three  frog-angles,  F,  Fi,  and  F2,  and  the  location  of  one  of  the 
actual  frog-points,  as  A,  in  Fig.  110.  The  central  an^es,  z 
y,  and  2  are  to  be  found  in  order  to  locate  the  frog-points  B 
andC. 

0,  Oi,  and  O2  are  the  centers  of  the  three  branches  of  the  wye, 
espectively,  which  curves  are  tangent  to  the  frogs  at  their 
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heels.  The  lines  of  the  frogs  may  be  extended,  if  desired, 
so  as  to  insert  frog-tangents  of  any  desired  length,  provided 
these  are  equal  on  both  sides  of  the  same  frog.  Let  the  radii 
be  extended  so  as  to  meet  in  pairs  at  E,  G,  and  H, 


Fia.  110. 


In  the  triangle  OdG,  side  OG=R-{-i(g+w),  and  side  OiG 
-Ri+Hg+w),  while  the  included  angle  equals  180°— F.  Solve 
for  angles  a  and  b  and  side  OOi.    Angle  6=F— a. 

In  triangle  0E02y  OE-=R+i{g+wO  and  OiE^Rt-hHg-hwi)- 
Solve  for  angles  c  and  d^  and  side  CX)i. 

In  triangle  OA^,  OiH^Ri+i(g-\-W2),  02H=i224-J(^+t^). 
Solve  for  angles  e  and  /  and  the  side  OiOa. 

In  the  triangle  OO1O2  the  three  sides  are  now  known  and 
the  three  angles  may  be  found.  Any  one  of  the  usual  methods 
may  be  used.    The  following  will  answer: 

Let  the  half  sum  of  the  three  sides  be  s,  then 


-i'=\/'&^-  .™..;G-odgl.   (325) 
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Angles  m  and  n  are  found  in  like  manner.    Then, 

aj=Z~(a+c),    2/=m-(d+c),    z=n-{J^-h).   .     (326) 
The  field  work  necessary  is  now  apparent. 

210.  To  Locate  a  Y  when  One  Branch  is  Concave  to  tiie 
Other  Two. 

The  data  given  are  the  same  as  when  the  three  branches  are 
convex  to  each  other.    Let  Fig.  Ill  represent  this  case. 


The  method  of  solution  is  identical  with  that  followed  in  the 
preceding  section.  Angles  a  and  h  and  the  side  OiO  are  foimd 
from  triangle  OOiG;  angles  c  and  d  and  side  O1O2  are  foimd 
from  triangle  O1O2E;  angles  e  and  /  and  side  OO2  from  triangle 
OO2H. 

In  the  triangle  OO1O2,  three  sides  are  now  known,  from  which 
the  angles  Z,  m,  and  n  may  be  found.    Thus 


cosim 


1 8(8-002) 
\'00iX0i02* 


(327) 


Angles  I  and  n  are  foimd  in  like  manner.  Then  the  central 
angles  of  the  arcs  which  comprise  the  three  branches  of  the 
wye  will  be 

x=Z-(6+c);    2/=a-(c-fm);    g=/-(n-|-d).  .     (328) 
The  field  work  required  will  now  be  apparent.  jOOgle 


TURNOUTS,  FROGS,  AND   SWITCHES. 


209 


Article  17.    Ceossing-feogs  and  Ceossxng-sups. 
A.  Crossing-frogs. 

211.  When  two  tracks  intersect  each  other  four  eromng-frogs 
are  required  at  the  intersection  of  the  two  sets  of  rails.  The  four 
frogs  are  sometimes  called  a  set  of  crossing-frogs. 

212.  To  Find  the  Length  of  Rails  Intercepted  between  two 
Intersecting  Straight  Tracks  when 
the  Angle  of  Intersection  and  the 

^*     -   Two  Gauges  are  given. 

In  Fig.  112,  from  triangle  ABH, 

AB^  EG=g  cosec  F\     (329) 

and  from  triangle  AEG, 

AE  ^BG^g^  cosec  F.    (330) 
Fia.  112.  > 

213.  Given  the  Angle  of  Intersection,  a,  made  by  the  Center 
liines  of  a  Straight  and  Curved  Track,  the  Gauges  g\  and  g,  to 
Find  the  Angles  of  the  Set  of  Crossing-frogs. 

In  Fig.  113,  from  tne  triangles  OBR  and  OAH, 

(i?+  \g)  cos  -F=  i?cos  a  +  J^,. 
jgcosa+i^i 


.'.   C08F  = 

In  like  manner, 
cos 

Jg  cos  g  —  \g\ 


ii  +  \g 


_Bcosa--igr 


cos  Fa  = 


COS 


„       gcosa+ jg, 


From  triangle  BOO  to  find  the  chord  BC. 

BC=i{B+  i?)  sin  \{F.  -j.zftJ-Google.    (335) 
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Similarly, 

QE=2(R--'  y)  sin  i(F,  -  F,). 
From  triangles  EOM  and  COL,  we  have 

EG^ML  =  (R+  ig)  sin  F,  -  (5  -  ig)  sin  F^.    (837) 
In  like  manner, 

QB  =  NK=:  {R+\g)  sin  F-  (i?  -  \g)  sin  i^,.     (888) 

914.  Oiven  the  Angle  of  Intenection,  a,  made  by  the  Center 
Iiine* .  of  Two  Curved  Tracks, 
their  Oauges,  g  and  gx ,  to  Find 
the  Angles  of  the  Crossing-frogs. 

In  Fig.  114,  OA  =  i?,  OiA  =  i?, , 
and  angle  OAOi  =  a  of  the  triangle 
OAOx  are  given;  whence  OOi  may 
be  determined. 

In  triangle  OBOi  the  side  OB  = 

B  +  if)',   0,5  =  J?,  +  \gif    and 

00,  =  k  are  known,  from  which 

we  can  determine  the  angle  OBOi  = 

Fig.  114.  F, 

In  like  manner  from  the  triangle   OCOi  determine  Fx,  and 

from  triangle  OEOx  find  Ft.  F%  may  be  found  from  triangle  OOOx, 

To  find  the  chord  OB  first  find  angle        o 
BOiO   from  triangle  BOxO,  and  angle 
00,0  from  triangle  QOxO\  then 

QB  =  2{Rx  +  igx)  sin  iOOiB.     (339) 

In  like  manner, 


EC  =  2(Rx  -  igx)  sin  t^0,0, 
B0=2(i?+lfl')8int500,  . 
02^  =  2(J?  -  if)')  sin  lOOi^.     . 


(340) 
(341) 
(842) 

When  the  tracks  intersect,  as  in  Fig. 
115,  the  solution  is  evidently  similar  to 
the  foregoing. 

(See  219  in  connection  with  213  and  214.) 


Fig.  115. 
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B.  Crossing-slips, 

216.  A  Orosaing-slip  is  an  arrangement  of  switch-rails,  in 
connection  with  a  set  of  crossing-frogs,  to  connect  two  tracks 
intersecting  at  a  small  angle. 

216*  GKven  the  Angle  of  Intersection  of  Two  Straight 
Tracks,  to  Find  the  length  and  Radii  of  Onnratiire  of  Slip-rails. 

In  Fig.  116  determine  EA  and 
AB  by  212 ;  then  assume  OB  or  BH 
(according  as  EA  is  less  or  greater 
than  ^^)  as  small  as  the  crossing- 
frogs  will  permit.  Draw  the  radii 
HO  and  00\  AH  =  ^(?  =  A;  is  the 
known  tangent  for  the  central  angle 
F.    Hence 

00  =  R+\g 

=  AHcoi\F=2kN,   (343) 


0L=:R-'\g=^2kN-'g. 


(344) 


For  the  theoretical  length  of  rails, 


On={R+\g)X;^XF^  =  (R+\g)X-^^,.    .    (345) 


ZJf=(i?-Jflr)X 


57.8* 


(346) 


217.  Given  the  Angle  of  Intersection  made  by  the  Center 
lanes  of  a  Straight  and  a  Curved  Track,  to  Find  tiie  Radii  and 
I«ength  of  Slip-rails. 

First  Case. — Slip-rails  irmde  main  euroei 

In  Fig.  117  determine  the  angles  jP'and  Fi  at  5  and  (7  by  213. 
Then  assume  KO  as  small  as  constructive  reasons  will  permit. 
Now 

sin  tiTOC  =^^f^ (847) 

h  =  BOK  =  {Fx  -F)-  KOG,     .    .    .    (348) 
c  =  KOxH^  F+  b  =  Fi-  KOO.    •    •    (349 
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From  129,  fonnula  (100), 


(350) 


Fia.  117. 
For  the  lengths  of  slip-rails, 


6' 

57.8' 


EL  =  (i?,  -  \g)  X  -g^y . 


(351) 
(352) 


Second  Case. — Slip-rails  outside  main  curve. 
Find  the  angle  F^  at  8,  Fs  at  (?,  and  08  by  the  methods  of 
213.  Assume  O^as  small  as  constructiye  reasons  permit,  and 
calculate  angle  GON,  as  in  (306).   Then  N08  =  F^-Ft-  QON, 
d  =  i^,  +  OON  =zF^-  N08,    By  129,  formula  (106), 

7?  o.  1/,  -  n  M-  (-^  -  i^Xcos  <^  -  cos  Fa) 

i?a  +  ii^-0,ilf- 1  »  COS  d •    •    (^^^^ 

The  remainder  of  the  solution  is  similar  to  the  first  case. 

218.  Given  the  Angle  of  Intersection  between  the  Center 

Lines  of  Two  Curves,  to  Find  Radii  and  Length  of  Slip-raiUi. 

First  Case  —  Slip-rails  on  concave  side  of  curves. 

In  Fig.  118  take  LG  as  small  as  constructive  reasons  permit. 

Join  L  with  0  -,  Ihen 

LC 
sin  \LOG  =  ^,p  ■    .  , (354) 
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Determine  angles  COOi,  GOiO,  and  side  OOi  by  214.    Make 
LM=  KOi;then 

MO  =  {R-hig)  -  (i?i  +  i^)  =  i?  -  Ri, 
and  MOOx  =  LOG  +  COO,. 


Fia.  118. 


In  triangle  MOOx  two  sides  and  the  included  angle  are  now 
known,  and  the  triangle  may  be  solved.  Oi  is  the  center  of 
slii>-rail  curves. 


and 


0,JfO,  =  0,0,3/  =  MOOi  +  MOxO, 
MO^Ox  =  180  -  20,JfOi. 


From  the  isosceles  triangle  OxO%M,  in  which  OiJIfand  the  three 
angles  are  known, 

MO, 

.    .     .    (355) 


MO^  = 


2  sin  iMOtOi 


Then 


may 


Rn  +  ig=0,L  =  Iii  +  ig-  MO^,  .    .     .    (356) 

2?. -to'=  0,ir=i?, -iiir-ifOa.  .     .     .    (357) 

The  central  angle  KO^L  =  JfOaOi  being  knowp,  OB  and  KL 
ay  be  found  as  in  217.  "^'^  by Uoogle 
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Second  Case. — Slijhraila  on  convex  side  of  curves. 

Let  the  dotted  lines  of  Fig.  118  represent  this  case.  Assume 
AQ  and  compute  angle  AOQ;  produce  OQ  to  O2',  the  center 
of  slip-rail  curve;  make  O2N-O2O1,  Reasoning  as  before, 
find  02'N^Oi'Oi,  after  which  O^'S,  Oi'P,  and  the  lengths  of 
TS  and  QP  may  be  found  as  in  the  first  case. 

Should  the  curves  intersect  as  in  Fig.  115,  no  difficulty  will 
be  found  in  computing  the  radii  and  length  of  sUp-rails  by- 
following  the  methods  used  above. 

These  methods  furnish  the  theoretical  length  of  slip-rails; 
but  as  the  theoretical  and  physical  switch-points  do  not  coin- 
cide, the  actual  length  wiU  be  considerably  less. 

219.  In  computations  for  crossing-frogs,  an  additional,  and 
desirable,  check  is  obtained  if  the  diagonals  are  also  deter- 
mined in  Figs.  112,  113,  114,  and  115. 

In  Fig.  112,  let  A  and  C  be  joined,  and  also  B  and  E,  From 
C  let  fall  a  perpendicular  upon  AE  produced,  intersecting  that 
line  at  H.  From  E  let  fall  a  perpendicular  EK  upon  AB. 
From  the  triangles  so  formed  we  get 

AC--\/g^+{AE-\-EC  cos  F)», 

and  BE=^Vgi^-{-{AB-AE  cos  F)». 

In  Fig.  113  johi  G  with  C,  and  B  with  E.  Then,  from;  the 
figure, 

GC=V(PL^ONy+gi^ 


and  BE  =  ViOK  -  OMy+giK 

In  Fig.  114  the  diagonal  GC  is  found  from  the  triangle  OGC 
in  which  the  sides  OG  and  OC  are  known  and  the  included  angle 
determined  by  letting  fall  perpendiculars  CM  and  GN  upoa 
OOi,  or  OOi  produced,  thus  yielding  triangles  OCM  and  OiCM, 
whose  solution  yields  angle  COOi,  and  similarly  from  triangles 
OGN  and  OiGN,    The  angle  GOC  then  equals  GOOi-COOi. 

The  solutions  for  Fig.  115  is  similar  to  that  for  Fig.  114. 
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CONSTRUCTION. 

Abticlb  18.  Dbfinitioks  ;  Gknbral  Ck>Nsii>BRATiON8 ;  Ybb- 

TICAIi  CUBYSS  ;  SUFBRELBYATION  OF  OUTBB  RaIL. 

220.  The  work  of  locating  the  center  line  having  been  com- 
pleted, the  field  corps  is  usually  disbanded  and  a  new  one  organ- 
ized. The  Chief  Engineer  still  remains  in  charge,  directing  the 
work  of  construction,  passing  on  bids  and  estimates,  arranging 
contracts,  and  attending  to  such  matters  of  importance  as  his  asr 
sistants  are  unprepared  or  unauthorized  to  settle. 

221.  A  Division  Engineer  is  placed  in  charge  of  a  con8ideral)l6 
length  of  line,  made  up  of  several  residencies.  To  him  the  resi- 
dent engineers  make  reports,  and  from  him  receive  directions 
and  orders  relating  to  construction.  These  reports  will  include 
monthly  estimates,  which  are  forwarded  to  the  chief  engineer  for 
inspection  and  approval.  Pay-rolls  for  the  men  employed  are 
made  out  in  the  office  of  the  division  engineer,  and  forwarded  to 
the  chief. 

A  Resident  Engineer  is  placed  in  charge  of  a  few  miles  of 
line,  called  a  Residency,  and  has  direct  charge  of  the  construc- 
tion. He  should  have  at  least  two  assistants— a  rodman  and  an 
axeman — and  it  will  be  true  economy  to  allow  him  also  an 
assistant  who  can  take  his  place  at  the  instrument  and  assist  in 
superintending  construction. 

The  resident  engineer  is  usually  required  to  set  slope-stakes, 
locate  trestles  and  other  bridges,  tunnels,  culverts,  crossings,  and 
other  features  preceding  ti-ack-laying,  and  to  make  all  measure- 
ments upon  which  estimates  are  based  in  determining  the  com- 
pensation of  the  contractor. 

Many  roads  prefer,  especially  on  maintenance  of  way,  to  trans- 
pose the  terms  used  above^  so  that  the  division  engineers  report  to 
the  resident  engineer,  whose  residency  may  embrace  several 
divisions.  rf^r^n]^ 
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222.  The  Qrade-line  is  determined  from  the  profile,  by  stretch- 
ing a  fine  thread  along  the  paper  and  so  adjusting  its  position 
that  the  proper  relation  between  cut  and  fill  is  obtained,  at  the 
same  time  that  the  maximum  gradient  is  not  exceeded.  The  cuts 
and  fills  should  be  made  as  small  as  possible,  at  the  same  time  thai 
badly  broken  or  chopped  grades  are  avoided. 

The  Qradient  is  the  rate  of  change  of  elevation  of  grade-line, 
and  is  usually  expressed  in  per  cents,  a  1.2%'  gradient  indicating  a 
rise  or  fall  of  1.2  feet  In  100  feet  horizontal.  When  the  grade  is 
ascending  the  gradient  is  marked  plus,  and  when  descending 
minus. 

The  word  grade  is  frequently  used  instead  of  gradient. 

The  grade-line  should  be  drawn  on  the  profile  in  red  ink,  with 
the  points  of  change  marked  by  a  cross  or  circle,  also  red.  The 
elevations  of  these  points  and  the  gradients  should  be  written  in 
red  above,  or  below,  the  grade  and  surface  lines. 

The  nature  of  the  work  and  the  disposition  of  material  from 
excavations,  and  the  availability  of  outside  material  for  embank- 
ments will  determine  whether  or  not  the  cuts  and  fills  must  balance. 
If  this  would  necessitate  a  long  haul,  it  will  often  be  preferable 
to  waste  material  from  excavation  and  borrow  for  embankments. 

A  Borrow-pit  is  an  excavation,  adjacent  to  the  line,  from  which 
material  is  taken  to  construct  an  embankment.  It  should  be 
separated  from  the  foot  of  the  embankment  by  a  space  termed 
a  Berm,  which  should  increase  with  the  height  of  embankment^ 
never  falling  below  a  certain  minimum  width,  say  six  feet. 
Borrow-pits  should  be  regular  in  form,  with  sloping  sides  and 
drained  so  as  to  prevent  water  standing  in  them. 

223.  A  Oross-section  is  a  transverse  section  taken  at  each  sta- 
tion, and  at  intermediate  points  where  the  longitudinal  slope 
changes  considerably,  the  surface  between  adjacent  cross-sections 
being  approximately  such  as  would  be  generated  by  a  straight 
line  moving  on  these  end  sections  as  directors. 

224.  Slope-stakes  are  set  at  stations,  to  mark  the  points  on  cross- 
sections  where  the  side  slope  meets  the  ground-surface.  On 
them  the  cuts  or  fills  are  marked  on  the  inside,  while  the  outsides 
bear  the  station -numbers. 

No  slope-stakes  are  set  at  the  pluses  where  cross-sections  are 
taken,  unless  at  the  top  or  foot  of  bank  where  an  opening  is  left 
"  >r  a  bridge  or  culvert  tized  by  Google 
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Tbe  notes  are  recorded,  howerer,  in  order  tbat  the  contents 
may  be  correctly  calculated. 

225.  ▲  Grade-point  is  a  pdnt  on  the  Interseotfon  of  the  plane 
of  the  road-bed  with  the  ground-surface.  If  the  ground  is  level 
trausversely,  a  single  stake  at  the  center,  marked  0.0,  will  suffice 
to  locate  the  point  of  passage  from  cut  to  fill.  When  the  ground 
is  not  level  transversely,  the  line  of  intersection  will  be  oblique  to 
the  axis  of  the  road  and  three  grade-stakes  are  needed,  one  at  the 
center  and  one  at  each  side. 

If  the  width  of  road-bed  in  excavation  differs  from  the  width  in 
embankment,  the  stake  should  be  set  at  the  edge  of  the  widest 
base. 

226.  To  Find  the  Grade-point  when  the  Ground  Slopes 
Uniformly  between  Stations. 


In  Pig.  119  let  ABhe  the  ground -line,  i^Cthe  grade-line,  and 
E  the  grade-point.  Tbe  horizontal  distance,  x,  from  ^  to  i^  is 
required.  Let  the  cut  at  Ahehi ,  the  fill  at  B,  A, ,  and  the  length 
of  pi-ismoid  I.  Draw  BO  parallel  to  CF,  From  the  similar  tri- 
angles AEFmd  ABG 


Ihx 


A.  +  h; 


(868) 


If  the  ground  does  not  slope  uniformly,  the  point  E  must  be 
found  by  trial,  such  that  the  rod- reading  equals  tbe  difference 
between  height  of  instrument  and  elevation  of  grade. 

227.  Vertical  Curves. — The  angle  formed  by  the  junction  of 
two  grade-lines  should  be  rounded  off  either  by  substituting 
several  small  changes  for  the  one  large  one,  or,  preferably,  by  in- 
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serting  a  regular  curve.  Where  the  algebraic  difference  of  gradi- 
ents is  less  than  0.8^  no  curve  will  be  needed,  while  for  larger 
differences  the  length  of  vertical  curve  should  vary  with  tiiat 
.difference,  tinless  the  circumstances  of  the  case — such  as  the 
proximity  of  other  vertical  cui-ves,  or  a  bridge-nahould  prescribe 
its  length.  In  any  case  the  length  may  be  either  assumed,  or  a 
given  rate  of  change  per  station  fixed  upon  and  the  length  com- 
puted. 

The  parabola  is  especially  well  adapted  for  vertical  curves,  be- 
cause of  the  ease  with  which  any  correction  may  be  found  when 
one  is  known,  since,  as  will  presently  be  shown,  the  corrections 
vary  as  the  square  of  the  distance  from  the  point  of  tangency. 
A  second  property  of  this  curve  enables  us  readily  to  find  the 
correction  at  the  vertex,  or  meeting-point  of  grade-lines. 


.^^^:^ 

-^ 

•?-- 

•<]^^-^"^ 

. 

L 

-H 

Q 
FiQ.  120. 

I 

1 

In  Fig.  120  let  AC  and  GB  be  the  intersecting  grade-lines,  and 
AFB  the  curve  substituted  for  them.  Produce  AC  to  E  to 
meet  a  vertical  through  B.  Draw  the  vertical  GG,  Then  will 
GF  =  FO  =  w  by  the  second  property  referred  to.  Since 
measurements  are  made  horizontally,  the  similar  figures  ACQ 
and  AEB  furnish  the  relation  GF  —  \CG  =iEB,  Calling  the 
algebraic  difference  of  gradieuts  d,  and  the  length  of  curve  21, 


4 


(«) 


If  the  rate  of  change  of  gradient  per  Mation  be  a,  it  Is  evident 
that 


2a 


(*) 


The  equation  of  the  parabola  referred  V)  ^  as  origin  may  be 

written  ^        , 

Digitized  bvCaOogle 

y  =  ^  {2lx  -  x") (c) 
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To  find  the  correction  HK  =  a  at  a  distance  x  from  ,4,  we  have 
from  the  similar  triangles  AHL  and  AGQ^, 

EL  =  CGj=2m^ (d) 

But'ZX  =  y,  and  z  =  EL  —  EL;  or,  inserting  values, 

x^ 
or  « =  w~. (85C) 

Insert  the  value  of  d  from  (5)  in  (a),  and  the  resultant  value  of 
m  in  (318);  then 

l^a       X*       a 

'=T''¥=r' <^»'>* 

When  a;  =  1  station,  Zt  =  Ja ;  when  aj  =  2  stations,  ^s  =  2a,  etc. 

It  will  only  be  necessary  to  figure  corrections  for  one- half  the 
curve,  as  they  are  the  same  for  corresponding  points  each  side  of 
the  vertex.  If  preferred,  however,  all  corrections  may  be  com- 
puted from  the  first  tangent  produced. 

ExAMPLB.— A  +  0.9jt  meets  a  —  0,6%  grade  at  sta.  181,  the  ele- 
vation of  which  is  91.0  ft.  Required  the  corrections,  and  cor- 
rected grade  elevations  for  points  100  ft.  apart. 

Here  the; algebraic  difference  of  gradients  i3  0.9  — (—  0.6)  =  1.5 
Suppose  a  be  taken  as  0.25,  or  the  leugth  of  curve  as  6  stations. 

Foijmula'(a)  gives  wi  =  j^  X  3  X  15  =  1.125  feet. 

At  jthe  P. a,  sta.  178,  2  =  0;  at  179,  (859)  or  (859')  gives  zi== 
0.125  j  at  180,  ?,  =  4  X  0.125  =  .50.  The  original  and  corrected 
grade  elevations  are  as  follows: 

Sta.  178         179  180  181  182  183  184 


Original  elevation.    88.3       89.2  90.1       91.0  90.4      89.8  89.2 

Corrections 0.0        0.126        0.50       1.125        0.50      0.125         0.0 

Corrected  elevat'n    88.30     89.075      S9.60     89  875      89.90     89.675        89.20 


♦  If  a  circle  be  taken  as  the  joining:  curve  we  may  deri«*  <ai8')  by  finding 
B  In  terms  of  a,  then  writing  D  =  5730  -4-  R,  and  n  s  a;,  in  formula  (86). 
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ExAMPLB  2.— A  +  O.S%  meets  a  +  l.lJ^  grade  at   sta.   312, 
whose  elevation  is  155  0     Find  corrections. 

Take  a  =  0.2  in  this  case;  then  I  =  2x2  =  2  sta- 

tions.   The  corrected  grade  heights,  etc.,  will  be  as  follows : 

311  81i8  SIS  .       31^ 


Sta. 


810 


154.7 

156.0 

156.1 

157.8 

0.1 

0.4 

0.1 

0.0 

154.8 

155.4 

156.2 

157.« 

Original  elevation 154.4 

Corrections 0.0 

Corrected  elevation 154.4 

The  reason  for  adding  the  corrections  in  this  case  will  be  evi- 
dent from  a  figure. 

The  table  below  gives  the  corrections  in  feet,  for  certain  alge- 
braic differences  of  gradients  and  lengths  of  curve,  at  intervals  of 
60  ft.  each  way  from  the  vertex.  When  the  difference  of 
gradients  is  pltts,  the  correction  must  be  subtrotcted  from  the 
original  grade  elevation ;  when  the  difference  is  mintis,  the  cor- 


TABLE 

OF  CORKECTIONS  FOR  VERTICAL 

CURVES. 

o84 

teof 

rade  per 
tation. 

Distance  from  Vertex  in 

Feet. 

^Qo§ 

^OCJOQ 

0 

60 

100 

150 

200 

250 

800 

860 

400 

0.3 

0.075 

0.15 

0.08 

0.04 

0.01 

0 

0.4 

.10 

.20 

.11 

.05 

.01 

0 

0.5 

.126 

.25 

.14 

.06 

.02 

0 

0.6 

.15 

.30 

.17 

.08 

.02 

0 

0.7 

.175 

.35 

.20 

.09 

.02 

0 

0.8 

.20 

.40 

.23 

.10 

.03 

0 

0.9 

.225 

.45 

.25 

.11 

.03 

0 

1.0 

.26 

.50 

.28 

.13 

.03 

0 

M 

.1883 

.83 

.57 

.87 

.21 

.09 

.02 

0 

1.2 

.20 

.90 

.63 

.40 

.23 

.10 

.08 

0 

1.3 

.2167 

.98 

.68 

.44 

.24 

.11 

.03 

0 

1.4 

.2333 

1.06 

.78 

.47 

.26 

.12 

.03 

0 

1.5 

.25 

1.13 

.78 

.50 

.28 

.13 

.08 

0 

1.6 

.2667 

1.20 

.83 

.53 

.30 

.13 

.03 

0 

1.7 

.2833 

1.28 

.89 

.57 

.32 

.14 

.04 

0 

1.8 

.80 

1.35 

.94 

.60 

.34 

.15 

.04 

0 

1.9 

.2375 

1.90 

1.46 

1.07 

.74 

.48 

.27 

.12 

.08 

0 

2.0 

.25 

2.00 

1.53 

1.13 

.78 

.50 

.28 

.13 

.03 

0 

2.1 

.2625 

2.10 

1.61 

1.18 

.82 

.68 

.30 

.18 

.08 

0 

2.2 

.275 

2.20 

1.68 

1.24 

.86 

.55 

.31 

.14 

.08 

0 

2.3 

.2875 

2.30 

1.76 

1.29 

.90 

.58 

.32 

.14 

.04 

0 

2.4 

.30 

2.40 

1.84 

1.35 

.94 

.60 

.34 

.15 

.04 

0 

2.6 

.3125 

2.50 

1.91 

1.41 

.97 

.63 

.85 

.16 

.04 

0 

2.6 

.826 

2.60 

1.99 

1.46 

1.02 

.65 

.37 

.16 

.04 

0 
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rection  must  be  <idded.  Similar  tables  for  other  lengths  of  curve 
or  differences  of  gradients  maybe  computed  by  the  engineer,  and 
time  in  the  field  saved  by  their  use.  In  setting  grade-stakes,  it 
will  be  well  to  set  them  50  ft.  apart  on  vertical  curves,  though  to 
allow  for  the  vertical  curve  at  each  regular  station  will  suffice 
when  cross-sectioning. 

228.  Elevation  of  Outer  Rail  on  Onrves.— In  138  it  was 
shown  that  the  superelevation  of  outer  over  inner  rail  might, 
for  standard  gauge  track,  be  given,  nearly  enough,  by  the  formula 


8i2' 


(134) 


in  which  0  Is  the  elevation  in  feet,  and  Fthe  velocity  in  miles  per 
hour.    Writing  E  =  -yr-  in  this  formula  gives 

«  =  0.000058  F«i> (360) 

The  following  table  has  been  computed  by  formula  (300). 


TABLE 

OF  SITPBRBLKVATIONB 

OP  OITTBB 

RAIL. 

Fin 

Degi-ee  of  Curve. 

MUes 

!• 

20 

8« 

4» 

5» 

6» 

70 

%o 

90 

io« 

12<» 

ao 

.03 

.05 

.07 

.09 

.12 

.14 

.16 

.19 

.21 

.23 

.28 

80 

.06 

.10 

.16 

.21 

.26 

.81 

.37 

.42 

.47 

.62 

.68 

40 

.09 

.19 

.88 

.87 

.46 

.66 

.65 

.74 

.84 

.93 

60 

.16 

.29 

.44 

.58 

.73 

.87 

1.02 

1.16 

60 

.21 

.42 

.63 

.84 

1.04 

1.25 

Since  grade-stakes  are  set  at  the  edge  of  base  it  will  be  neces- 
sary to  determine  the  difference  between  these  elevations  and  the 
elevations  of  center  line.  Calling  this  difference  7i,  the  half-base 
h,  and  the  distance  between  centers  of  rail-beads  for  standard 
gauge  4.9  feet,  we  shall  have,  from  similar  triangles, 

h^-^e^  ^Me  (nearly) (361) 

4.17 

If  the  inner  rail  is  required  to  remain  at  grade  (361)  will  become 

Ti  =  a  Me  ±  0.5«, (3610 

according  as  the  grade-stake  is  to  be  set  at  outer  or  inner  edge  of 

Digitized  by  C^OOQ  IC 
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BxAHPLB.— What  will  be  the  value  of  h  when  e  ss  .46,  the 
base  being  14  feet  ? 

By  (861),  A  =  0.2  X  7  X  0.46  =  0.64  feet.  The  outside  is  this 
much  higher  than  the  center,  the  inside  edge  this  much  lower. 

The  superelevation  of  outer  rail  should  be  computed  for  the 
highest  speed  at  which  trains  are  to  be  run  over  the  curve;  the 
maximum  allowed  in  practice  rarely  exceeds  8  inches,  since  a 
greater  elevation  would  endanger  the  slow-i*unning  freight  trains. 
Even  when  the  theoretical  superelevation  is  given  the  outer  rail, 
it  is  more  worn  than  the  inner  one,  either  because  there  are  other 
forces  acting,  or  because  of  the  sliding  action  of  the  outer  wheel 
due  to  imperfect  adjustment  where  the  original  coning  has  been 
destroyed  by  wear. 

Engineers  sometimes  elevate  the  outer  rail  1  inch  per  degree  up 
to  S"*,  and  make  e  =  ^  inches  for  a  4°  curve,  4  inches  for  a  5"* 
curve,  and  4^  inches  for  a  6**  curve.    Still  other  rules  are  in  uae. 

K  transition-curves  are  not  employed,  the  difference  of  ele- 
vation is  the  same  from  P.C  to  P.T.,  fading  oxiii  to  nothing 
on  tangent.  The  elevation  begins  on  tangent  from  100  to 
400  feet  back  of  P.C,  depending  on  the  amoimt  the  outer  rail 
is  to  be  raised. 


Article   19.    Velocity  Heads,   Grades,   Distance,   and 
Curvature. 

229.  The  Velocity  Head  of  a  train  in  moti(»i  is  the  vertical 
distance  throu^  which  it  would  have  to  drop  in  order  to  acquire 
the  velocity  at  which  it  is  moving  at  a  given  instant,  with  the 
expenditure  of  no  other  effort  than  that  required  to  overcome 
friction,  curvature,  and  such  other  resistances  as  would  have 
to  be  overcome  in  order  to  maintain  a  constant  speed  on  a 
level  grade.  Frictional  resistances  are  proportional  to  the 
weight  of  the  train,  but  the  velocity  head  is  not. 

The  formula  v^  =  \^2gh  for  falling  bodies  applies  here,  but 
in  addition  the  train  possesses  a  certain  amount  of  kinetic 
energy  due  to  the  rotation  of  its  wheels,  so  that  a  percentage, 
sometimes  estimated  at  5%,  is  to  be  added  to  the  value  of 
h  found  from  above  formula,  though  to  neglect  it  will  be  to  stay 
on  the  safe  side.    Taking  the  acceleration  of  gravity,  g,  equal 
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to  32.16  feet  per  second  per  second,  and  solving  the  fonnula 
for  h,  we  get 


/i  = 


y*  ft.  per  sec.  _2.151F'  m.  per  hr. 


=0.033447»  ft., 


64.32  64.32 

adding  6%  for  kinetic  energy  of  wheels,  0.001677*  feet,  we  get 

/i  =0.035117*, (362) 

The  following  tafc4e  gives  values  of  h  for  velocities  varying 
by  one-nule  intervals  up  to  79  miles  per  hour,  computed  by  (362). 


VELOCITY  HEADS  IN  FEET  FOR  TRAIN  VELOCITIES  IN  MILES 

PER  HOUR. 

VeL 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

9.0 

0 
10 
20 
30 

0.00 
3.61 
14.05 
31.60 

0.04 
4.25 
15.49 
33.74 

0.14 
5.06 
17.00 
35.96 

0.32 
5.93 
18.58 
38.23 

0.56 

6.88 

20.23 

40.58 

0.88 

7.90 

21.95 

43.01 

1.26 

8.99 

23.74 

45.51 

1.72 
10.15 
25.60 

48.08 

2.25 
11.38 
27.53 
50.72 

2.84 
12.68 
29.53 
53.42 

40 
50 
60 
70 

56.19 
87.79 
126.40 
172.04 

59.03 
91.32 
130.64 
178.99 

61.94 
94.94 
134.96 
182.01 

64.92 
98.62 
139.35 
187.10 

67.98 
102.38 
143.81 
192.26 

71.10 
106.21 
148.34 
197.49 

74.30 
110.10 
152.94 
202.82 

77.57 
114.07 
157.61 
208.17 

80.91 
118.12 
162.37 
213.61 

84.32 
122.22 
167.16 
219.12 

When  a  moving  train  changes  speed  from  7  to  7'  miles  per 
hour,  the  increase  or  decrease  in  the  velocity  head  can  be 
found  from  formula  (362)  by  substituting  h—h'  for  A,  or  by 
taking  the  difference  of  the  velocity  heads  obtained  from  the 
foregoing  table.  Suppose  a  train  to  reach  a  summit  with 
a  velocity  of  12  miles  per  hour,  and  that  the  maximum  allow- 
able velocity  is  32  miles  per  hour.  What  will  be  the  total 
permissible  drop  on  the  succeeding  down-grade,  assuming  that 
the  engine  is  exerting  just  sufficient  force  to  overcome  rolling 
resistances  on  a  level  grade?  By  formula  (362),  or  by  the 
table,  we  get 

Velocity  head  for  32  miles  per  hour 35 .  96  feet 

Velocity  head  for  12  miles  per  hour 5.06    '* 

Allowable  drop 30.90   ** 

The  distance  through  which  the  train  will  travel  while  acquir- 
ing its  additional  velocity  will  depend  upon  the  rate  of  grade. 
On  a  0.5%  grade  the  distance  would  be  6180  feet  for  the  caae 
above  and  on  a  1%  grade  just  half  of  this.  <j 
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230.  Virtual  Grades. — When  a  train  approaches  an  ascend- 
ing grade  it  possesses  an  amoimt  of  kinetic  energy  proportional 
to  its  weight  and  the  square  of  its  velocity.  For  the  simplest 
case,  which  will  be  very  nearly  true  for  ordinary  freight  trains, 
the  rolling  resistances  may  be  taken  as  being  proportional 
to  the  weight,  so  that  only  the  velocity  head  need  be  con- 
sidered in  computing  the  height  to  which  the  train  would  be 
lifted  by  virtue  of  the  kinetic  energy  it  possesses.  It  is  assumed 
that  the  draw-bar  pull  of  the  engine  remains  constant  through- 
out. The  frictional  resistance  is  very  nearly  constant  at  about 
8  pounds  per  ton  for  ordinary  freight-train  velocities,  but  in 
addition  there  are  internal  resistances  in  the  engine,  impact, 
and  atmospheric  resistances,   etc.    An  average  value  of  the 


Fig.  121. 

draw-bar  pull  required  on  a  level  grade  in  order  to  maintain 
uniform  speed  may  be  taken  at  10  pounds  per  short  ton.  The 
grade  resistance  will  be  proportional  to  the  per  cent  of  grade 
and  equals  20  pounds  per  ton  for  a  1%  grade,  40  pounds  for 
a  2%,  10  pounds  for  a  0.5%  grade,  etc.,  as  a  simple  diagram 
similar  to  Fig.  66  will  show. 

The  virtual  profile  may  be  constructed  as  follows: 
In  Fig.  121  let  a  train  reach  the  foot  of  a  grade  at  B  with  a 
velocity  V  for  which  the  velocity  head  h  is  represented  by 
BL  laid  off  on  a  perpendicular  to  the  horizontal  line  BQ,  Let 
BCDEFGK  represent  the  actual  grade  line  and  h  the  velocity 
head  of  the  train  when  it  has  reached  G.  Let  H=^GQ  he  the 
total  net  rise  between  B  and  G.  Hv-LN  is  the  total  rise  of 
the  virtual  grade  line,  Likf,  between  B  and  G,  From  the 
figure 

Hc==H+h-h. 

BG  represents  the  uniform  grade  line  which  would  have  had 
the  same  effect  in  retarding  the  motion  of  the  train  while 
moving  from  B  to  G  as  has  the  actual  gra^^g^^^^QoOQle 
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When  a  stop  is  made,  either  on  a  level  or  on  an  inclined 
grade,  the  virtual  grade  line  drops  to  the  actual  grade  line 
and  extra  eSatt  must  be  expended  by  the  motive  power  in 
order  to  acquire  the  velocity  necessary  to  bring  the  virtual 
profile  back  to  the  point  it  would  have  had  if  no  stop  had  been 
made. 

The  virtual  profile  shows  why  the  ruling  grade  may  be  less 
than  the  actual  maximum,  provided  the  latter  is  short. 

TraflSc  is  not  usually  uniform  in  both  directions  on  a  rail- 
road, the  greater  tonnage  generally  flowing  in  one  direction, 
as  for  a  railroad  hauling  large  quantities  of  heavy  freight  to 
a  seaport  for  water  shipment,  while  the  return  freight  is  com- 
posed of  lighter  supplies.  In  such  cases  the  ruling  grades, 
both  actual  and  virtual,  should  be  lower  in  the  direction  of 
heavy  trafl&c  than  in  the  reverse  direction. 

231.  Grades,  Distance  and  Curvature  are  factors  which 
vitally  affect  the  cost  of  construction  and  operation  of  rail- 
roads, and  their  influence  should  be  kept  constantly  in  mind, 
not  only  by  the  constructing  engineer,  but  by  the  engineer 
who  is  charged  with  the  duty  of  making  preliminary  and  loca- 
tion surveys.  Heavy  grades  lessen  the  cost  of  construction, 
but  increase  the  cost  of  operation,  while  distance  affects  both. 
Curvature  increases  the  distance,  but  may  lessen  cost  of  con- 
struction; always  it  increases  cost  of  operation  and  danger 
of  accidents.  The  locating  engineer  should  endeavor  to  obtain 
as  close  an  estimate  as  possible  of  the  probable  future  traffic, 
for  an  increase  is  almost  certain,  and  he  should  make  his  loca- 
tion so  as  to  provide  for  this  as  far  as  possible,  consistent  with 
existing  conditions  and  the  finances  available.  Before  the 
grade-lines  are  laid,  these  considerations  and  estimates  should 
be  reviewed.  Sometimes  it  is  good  business  to  adopt  heavy 
grades  and  light  construction  in  the  beginning  where  traffic 
will  be  hght,  and  later,  when  the  increased  traffic  justifies,  to 
cut  down  summits  and  fill  sags  while  the  road  is  in  operation. 

232.  Ruling  Grades  are  those  which  fix  the  maximum  weight 
of  train  which  can  be  hauled  by  the  standard  unit  of  motive 
power,  usually  a  single  engine.  For  through  trains  the  max- 
imum tonnage  per  engine  is  fixed  by  the  maximum  tonnage 
for  the  heaviest  operating  division  on  the  line.  For  locals 
the  tonnage  may  be  varied  for  each  division,  but  cars  may  no* 
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ordinarily  be  set  out  or  picked  up  at  will  at  intermediate 
points.  The  maximum  grade,  if  long,  is  usually  the  ruling 
grade,  but  if  short  may  exceed  the  latter  for  reasons  mentioned 
in  230. 

233.  Minor  Grades  are  those  which  do  not  fix  a  maximum 
limit  for  the  tonnage  which  can  be  hauled  by  the  standard 
unit  of  motive  power.  These  may  be  so  Ught  that  it  is  not 
necessary  to  shut  off  the  power  when  running  down  grade,  in 
order  to  prevent  the  train  from  acquiring  a  dangerous  velocity, 
or  they  may  be  steep  enough  not  only  to  require  the  power 
io  be  shut  off,  but  to  necessitate  the  appUcation  of  brakes  also. 

A  loss  of  efficiency  occurs  when  brakes  have  to  be  applied, 
because,  kinetic  energy  is  then  dissipated  in  heat.  Also  the 
engine  must  operate  intermittently,  and  not  at  its  greatest 
efficiency.  Even  shutting  off  the  power  causes  a  loss  for  this 
latter  reason.  A  train  on  a  level  grade  requires  about  10 
pounds  pull  at  the  draw-bar  per  ton  of  train  to  keep  it  moving 
imiformly,  and  as  the  effect  of  grades  is  to  increase  the  neces- 
sary effort  of  the  engine,  20  pounds  per  ton  for  each  per  cent 
of  grade,  it  is  seen  that  an  ascending  grade  of  0.5%  will  just 
double  the  pull  on  a  level  when  the  same  speed  is  maintained. 

234.  Helper  Grades,  or  Pusher  Grades,  are  those  which 
exceed  the  ruling  grades  and  are  most  frequently  found  on 
mountain  routes.  The  cost  of  reducing  them  to  the  ruling 
grade,  either  by  development  of  the  line,  where  possible,  or 
by  heavy  cut  and  fill,  may  be  financially  imeconomical,  or 
beyond  the  resources  of  the  company  at  the  time  of  con- 
struction. A  second,  and  sometimes  even  a  third,  engine  is 
attached  to  the  train  at  these  grades  to  help  take  the  train 
up  the  grade.  If  no  helper  engines  are  used,  the  train  must 
be  taken  up  in  sections  and  the  sections  set  out  on  a  side  track 
until  the  last  one  has  been  brought  up.  This  is  not  economical, 
and  is  impossible  where  many  trains  are  being  operated  over 
that  division. 

235.  Distance  affects  both  cost  of  construction  and  of  main- 
tenance and  operation  directly  as  the  length  of  line.  The 
ideal  railroad  would  be  straight  between  terminal  points  and 
would  have  a  uniform  grade  throughout  its  length.  Only  for 
raUroads  situated  on  nearly  level  coastal  plains,  or  in  old  dried- 
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up  lake  basins,  can  this  ideal  be  even  approximated.  Other 
things  being  equal,  the  cost  of  construction  is  directly  pro- 
portional to  the  length,  and  therefore,  a  perfectly  straight 
line  is  desirable,  but  in  practice  this  leads  to  impossible  grades 
or  excessive  construction  cost,  or  both.  Curves  are  intro- 
duced to  avoid  heavy  grades,  but  these  increase  the  length  of 
the  line.  If  a  location  can  be  so  made  that  the  line- as  built 
oscillates  from  side  to  side  of  the  straight  line  joining  the 
termini,  this  increase  of  length  is  not  as  great  as  one  would 
ordinarily  expect,  however.  This  is  not  usually  possible,  and 
therefore  the  location  must  follow  such  lines  as  the  topography 
permits,  and  which  offer  the  best  balance  possible  of  the  severed 
factors  which  the  locating  engineer  must  keep  constantly  in 
mind. 

236.  Curvature  increases  the  length  and  consequently  the 
first  cost.  Also  the  cost  of  maintenance,  because  It  is  more 
difficult  to  maintain  track  true  to  line  and  grade  on  curves, 
especially  in  cuts,  than  it  is  on  tangents.  Curves  are  especially 
objectionable  if  they  fall  on  bridges,  but  sometimes  this  can 
not  be  avoided.  Curves  increase  train  resistance  and  limit 
the  speed  of  passenger  trains  because  of  the  danger  of  derail- 
ment due  to  centrifugal  force.  Also  they  frequently  lead  to 
collisions  by  reasons  of  interference  with  ihe  vision  of  engine 
men. 

Sharp  curves  are  more  objectionable  than  easy  ones,  be- 
cause they  necessitate  greater  reduction  in  speed  and  con- 
sequent loss  erf  energy  and  time.  The  use  of  transition-curves 
at  the  ends  of  easy  curves  eliminates  the  necessity  for  great 
reduction  of  speed.  The  total  resistance  due  to  a  curve  is 
proportional  to  the  total  angle  turned,  so  that  it  is  desirable 
to  keep  the  total  curvature  as  low  as  possible,  no  matter  how 
easy  each  individual  curve  may  be.  It  sometimes  happens 
that  curves  may  be  so  long  and  so  sharp  as  even  to  limit  the 
length  of  train  which  can  be  operated,  thou^  such  a  case  is 
comparatively  rare.  Before  the  introduction  of  the  consdi- 
dation,  and  later  the  articulated,  t3T)e  of  engine,  the  degree 
of  a  curve  had  a  limit  due  to  the  character  of  the  engine  wheel- 


237.  Curve  Compensation.— Where  the  ruling  grade  would 
occur  on  a  curve,  if  the  presence  of  the  latter  were  disregarded^ 
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the  curve  must  be  oompensated — ^that  is,  the  grade  must  be 
reduced  to  dlow  for  the  resistance  due  to  the  curvature.  A 
heavy  train  rounding  a  10°  curve  will,  on  the  average,  assuming 
the  track  to  be  maintained  in  the  same  condition  as  on  tangents, 
encounter  about  the  same  amount  of  resistance  due  to  the 
curve  as  it  would  on  a  straight  level  track  when  constant 
speed  was  being  maintained,  or  the  equivalent  of  a  0.5%  grade. 
Therefore,  it  is  customary  to  reduce  the  grade  on  curves,  or 
to  '^  compensate  for  curvature,''  the  amount  of  compensation 
depending  upon  conditions.  The  resistance  due  to  curvature 
is  greater,  comparatively,  for  flat  curves  than  for  sharp  ones, 
and  is  also  greater  as  the  velocity  is  lower.  On  minor  grades 
compensation  is  not  so  important,  but  on  ruling  or  mn-yimnnn 
grades  it  must  be  provided.  When  a  regular  stop  falls  on  a 
curve,  increased  compensation  must  be  provided,  because  of 
the  slow  starting  velocity.  Compensation  is  m<»re  important 
for  heavy  freights  than  for  passenger  trains. 

The  following  approximate  values  may  be  used  when  making 
provisions  for  curvature  corrections: 

(a)  On  the  up-grade  side  of  a  regular  stop  for  heavy  trains 
allow  0.1%  reduction  per  degree  of  curve.  On  the  down- 
grade side  no  reduction  is  necessary  because  of  the  stop. 

(b)  As  a  general  rule  reduce  the  grade  0.06%  per  degree 
of  ciu^e  up  to  about  8  or  10  degrees;  for  sharper  curves  make 
the  reduction  0.04%  per  degree. 

(c)  Where  the  compensation  computed  by  (b)  would  neces- 
sitate serious  increase  of  grade  on  tangents,  use  0.04%,  or 
even  0.03%  per  degree  of  curve  as  the  compensation. 

Many,  if  not  most,  of  the  railroads  located  during  the  earlier 
stages  of  railroad  construction  were  built  without  sufficient 
time  and  study  being  allowed  for  the  surveys,  and,  as  a  con- 
sequence, much  relocation  has  been  done  as  business  grew 
and  economy  of  operation  demanded.  By  such  relocations 
a  great  deal  of  curvature  has  been  eliminated,  heavy  grad&s 
cut  down  and  many  down-grades  on  lines  running  from  a 
lower  to  a  higher  terminus  removed. 

Article  20.    Earthwork. 

A.     Setting  Slope-stakes 

238.  Slope-stakes  are  set  at  the  points  where  the  side  dopes 
meet  the  groimd-surface,  to  mark  the  limits  of  the  excavation 
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or  embankment,  and  to  show  the  constructor  what  the  cut 
or  fill  must  be.  In  Fig.  122,  KAE  represents  the  ground- 
surface,  UBC  the  grade- 
surface.  Let  AB—h  be 
the    center   height.     Let 

^r^=8  be  the  side  slope, 

which  varies  with  the  na- 
ture of  the  material;  for 
earth-excavation  the  side 
slope  will  average  about  1 

to  1,  so  that  s  =  l,  while  for  ordinary  earth-embankment  it  will 
average  about  1§  to  1,  so  that  8  =  li.  The  side  height  for  level 
sections  is  the  same  as  the  center  and  may  be  found  for  any  sec- 
tion, so  that  the  distance  LH  is  required.  From  the  equation 
defining  «,  HL=KL8=hs.  Let  the  base  HC=2b;  the  "distance 
out"  from  center  is 

€1.0^=31=1)  +  hs. 
239.  Surface  Inclined. — ^Where  the  ground  slopes  transversely 
the  position  of  the  slope-stake  cannot  be  found  from  the  center 
height  unless  the  slope  of  the  groimd-surface,  as  well  as  the  side 
slope,  is  known.  The  slope-stakes  can  be  most  easily  and 
rapidly  set  by  trial. 


Fig.  123. 

In  Fig.  123,  FAE  is  the  ground-surface.^ff  =  A  the  fiJl  at 
tbe  center.  We  have  to  find  the  distances  out  of  27 and  F  from 
A,  and  the  side  heights  ME^h^ ,  and  NF=  h^.  Let  OP  repre- 
sent the  plane  of  the  instrument  at  a  heigbt  H.I.  above  tbe 
datum,  obtained  from  tbe  known  elevation  of  a  bench  or  turn- 
ing-point. PB  is  tbe  height  of  tbe  plane  of  tbe  ina|rum€pt  above 
the  grade.     Call  PB  the  Station  Constant  {s.c. ).     ^OOgle 
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The  fill  at  A  will  evidentlj  equal  the  rod  reading  less  the 
station  constant.    Mark  this  on  the  center  stake. 

Since  the  ground  slopes  downward  fi*om  A  to  E,  the  distance 
out  will  be  greater  than  for  a  level  section,  while  for  F,  on  the 
higher  side,  it  will  be  less. 

Suppose  we  take  a  reading  QK  at  a  distance  out  =  J  +  A«  ;  the 
fill  at  that  point  is  LK  —  QK  ^QL  =  r  —  s.e.y  and  the  corre- 
sponding distance  out  is  d,o.  =  b  +  KL  X  b,  which  is  greater 
than  AH,  since  LK  is  greater  than  h.  If  now  a  reading  is  taken 
at  the  distance  out  h-\-$  X  LK,  we  shall  have  a  fill  greater 
than  LK,  unless  the  ground  is  level  from  K  to  E,  and  therefore 
b-\-  sX  LK,  the  distance  out  actually  used,  will  be  less  than 
that  called  for  by  the  reading.  However  we  shall  have  obtained 
a  closer  approximation  to  the  position  of  E,  and  by  repetitions  of 
this  process  may  come  as  close  to  its  true  position  as  the  con- 
ditions require. 

The  same  thing  can  be  accomplished  more  rapidly  by  estimat- 
ing the  fall,  by  the  eye,  from  -4  to  a  point  b  +  hiB  out,  then  mul- 
tiply this  estimated  fall  by  the  slope  and  add  to  J  +  hs.  Take  a 
reading  r  at  this  distance  out;  then  compute  the  d,o.  for  the  fill 
r  —  «.c.  and  note  if  this  agrees  with  the  actual  d.o.  If  it  does 
not,  make  a  new  trial  with  this  reading  as  a  guide. 

For  ordinary  work  the  actual  and  computed  distance  out  should 
be  such  that  if  the  rod  were  held  at  the  computed  distance  the 
new  distance  would  not  differ  more  than  a  tenth  from  that  just 
computed.  The  stake  is  then  set  at  the  computed  distance  out. 
After  a  little  practice  it  will  be  found  that  the  second  setting  of 
the  rod  may  usually  be  made  to  fall  as  close  to  the  true  position 
as  the  limit  requires. 

When  the  stake  is  marked  and  driven  the  cut  or  fill  at  that 
point  and  the  distance  out  arc  recorded  in  the  notes. 

As  an  example  suppose 26  =  14  feet,  *  =  IJ  (i.e.,  slope  1 J  to  1), 
H.I.  ~  187.3,  grade  elevation  =  184.0.  The  station  constant  is 
B.C.  =  187.3  —  184.0  =  3.3.  Suppose  the  rod  at  center  to  read 
8.5  ;  the  fill  will  be  8.5  —  3.3  =  5.2,  which  mark  on  stake  as 
**  F,  5.2.  **  The  distance  out,  if  section  were  level,  would  be  d,o,  = 
7  +  5.2  X  1.5  =  14.8;  but  suppose  the  ground  rises  and  we  esti- 
mate the  rise  as  1  foot,  which  multiplied  by  s  gives  1.5  feet  to  be 
subtracted  from  14.8,  since  this  is  on  the  higher  side  of  center 
for  a  section  in  embankment.  Let  the  reading  at  13.3  out  be 
7.7,  which  gives  a  fill  of  7.7  —  3.3  =  4.4  feet,  ct\lling  for  a  d.<?.  = 
74-4.4  X  1.5  =  13.6.      This  shows  we  are  too  far  in,  but  as  a 
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reading  further  out  will  be  less,  giving  a  coirespondingly 
smaller  d.0.,  we  try  a  readiug  at  18.^  feet  out.  Suppose  the  read- 
ing to  be  7.6;  the  fill  will  be  7.6  -  3.3  =  4.3.  calling  for  adistance 
out  of  18.45  feet,  which  agrees  almost  exactly  with  the  trial  dis- 
tance. The  stake  is  marked  **  F.  4.3,"  and  the  result  recorded 
in  the  cross-section  book. 

On  the  other  side  of  the  section  suppose  we  estimate  the  fall  to 
be  1.5  feet  in  15;  we  should  try  a  reading  at  18.8  + 1.5  X  1.5  =  16.1, 
say  16.0  feet.  Let  this  reading  be  9.0 ;  the  fill  will  be  9.0  -  8.8 
=  5.7  feet,  callhig  for  a  Ao.  =  7  +  5.7  X  1.5  =  15.6,  which  shows 
our  reading  was  taken  too  far  out.  Try  a  reading  at  15.4,  which 
suppose  8.9 ;  the  fill  is  8.9  —  8.3  =  6.6,  and  the  d.o.  =7  +  5.6 
X  1.5  =  15.  4,  which  agrees  exactly  with  the  trial  distance. 

In  excavation  the  method  of  proceeding  is  the  same  as  in  em- 
bankment, except  that  $  has  generally  a  different  value.  For  solid 
rock  $  is  usually  i,  that  is,  the  slope  is  taken  as  ^  to  1;  for  loose 
rock,  gravel,  and  ordinary  earth  the  slope  may  be  taken  as  l«to  1. 

The  station  constant  in  cuts  is  always  positive,  and  the  rod 
reading  has  to  be  subtracted  from  it  to  obtain  the  cut.  In  fills, 
when  the  HJ.  is  greater  than  the  grade  height,  the  fill  equals  the 
difference  of  the  rod  reading  and  the  station  constant.  When 
the  HL  is  Um  than  the  grade  height  the  rod  reading  plus  the 
9.C.  gives  the  fill. 

240.  The  Notes  may  be  kept  in  the  form  below,  which  repre. 
sents  one  page  of  the  cross-section  book.  The  cut  or  fill  is  written 
above  the  line,  the  distance  out  below.  A  plus  sign  indicates  a 
cut,  a  minus  sign  a  fill 
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241.  Irregular  Sections. — When  readings  are  taken  only  at 
the  center  and  sides  it  is  teigned  a  "three-level  section."  Very 
irregular  ground  may  require  seveml  more  readings  in  order  to 
determine  its  area ;  in  this  case  a  reading  ia  taken  at  each  change 
of  surface  in  the  section,  and  the  cut  or  fill,  together  with  the  dis- 
tance out,  recorded— the  distance  being  measured  from  the  center 
to  the  point  where  the  rod  was  held  in  taking  the  reading. 

When  the  base  cuts  the  ground-surface  the  section  is  partly  in 
excavation  and  partly  in  embankment,  but  each  side  will  be 
staked  out  in  the  manner  described  above.  The  distance  of 
grade-point  from  center  must  be  found  and  recorded. 

242.  Staking  Out  Openings. — Where  openings  are  to  be  left 

for  trestles,  culverts,  and  other  structures.  Stakes  must  be  set  to 
mark  the  limits  of  the  embankment.  Stakes  marked  T.  B.  are 
set  at  the  center  and  sides  to  fix  the  place  where  the  top  of  bank 
is  to  e;id  ;  other  stakes,  marked  F.  S.,  are  set  at  the  foot  of  slope, 
the  plus  at  which  they  fall— together  with  the  distance  out  from 
center — being  recorded  in  the  note-book.  The  slope  of  the  toe 
of  dump  should  be  the  same  as  the  side  slope. 

243.  Marking  Stakes.— All  slope  and  toe  stakes  that  limit 
excavation  or  embankment  should  be  driven  with  tops  inclined 
outward  from  the  center.  The  cut  or  fill  is  marked  on  inside  in 
plain  figures  preceded  by  the  letter  C.  or  P.  as  being  more 
easily  understood  by  the  contractor  than  the  plus  and  minus 
signs  used  in  the  notes.  The  reverse  side  should  bear  the  station 
number. 

244.  Shrinkage— Gtowth.-— It  must  be  remembered  that  earth- 
work in  embankment  will  settle,  or  shrink  in  volume,  even  after 
having  been  compacted  by  the  feet  of  the  teams  during  construc- 
iion.  Where  the  fill  is  not  great,  allowance  may  be  made  for 
ihrinkage  when  setting  grade-stakes,  but  in  heavy  fills  allowance 
should  be  mude  when  the  stakes  are  set  for  construction.  The 
proper  allowance  will  vary  with  the  nature  of  the  material,  but 
about  10  per  cent  will  be  a  fair  average.  The  contract  should 
always  specify  the  amount  of  shrinkage  to  be  allowed  on  par- 
ticulai  works.  If  the  earth  is  measured  in  the  borrow-pits,  an 
equivalent  allowance  should  be  made,  since  earth  is  more  com- 
pact in  embankment  than  before  excavating. 

With  rock,  however,  it  is  found  that  the  volume  increases 
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after  excavation,  and  this  increase  is  termed  grototh.  The  size  of 
the  fragments  will  determine  the  growth,  which  will  vary  from 
one  half  to  five  eighths  of  the  original  volume — the  larger  the 
fragments  the  greater  the  increase.  Little  or  no  allowance  need 
he  made  for  settlement  when  placed  in  emhan^sment. 

246.  Borrow-pits  should  be  regular  in  form,  particularly  if 
the  volume  of  earth  moved  is  to  be  measured  in  the  borrow-pit. 
They  should  be  properly  drained  to  prevent  water  standing  in 
them  and  should  have  an  ample  berm  between  edge  of  pit  and 
foot  of  slope,  the  width  of  berm  increasing  with  the  height  of 
embankment. 

B,  Areas  of  Sections, 

246.  Before  the  volume  of  earth  in  excavation  or  embank- 
ment can  be  computed  the  area  of  each  cross-section  must  be 
found.  To  do  this  divide  the  section  into  triangles  and  trape- 
zoids, find  the  area  of  each  separately,  and  take  the  sum.  To 
shorten  the  calculations  a  few  simple  rules  will  be  deduced. 

"When  the  center  and  side  heights  are  equal  we  have  a  one- 
level  section;  when  the  center  and  side  heights  differ  it  is  a 
three-level  section;  where  the  height  is  found  at  five  places  in 
the  section  it  is  a  five-level  section ;  and  so  on. 

247.  To  Find  the  Area  of  a  Three-level  Section. 


Fig.  124. 


In  Pig.  124  the  area  ABGDF  is  required.  Draw  EA  and  BC, 
dividing  the  area  into  four  triangles.  With  the  notation  of  the 
figure  it  is  seen  that  triangles  (1)  and  (3)  have  equal  bases  h  and 
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altitudes  Hi  and  hi ,  while  (3)  and  (4)  have  the  common  base  A9 
and  altitudes  Di  =  b  +  Hii  and  d,  =  ft  +  ni«.    By  geometry, 


Area(l)+(2)  =  &^ 


ff^^hi 
2 


Area  (8)  +  (4)  =  A.^'  =  k,^^±S^+^, 
The  area  of  the  whole  section  is  therefore 
-4  =  ft 2 h  Ao 2 —  =  & — f-  A« .  (363) 

This  formula  affords  an  easy  method  of  obtaining  the  area  of  a 
three-level  section,  and  when  written  in  words  becomes  the  follo'w- 
ing 

RuLB. — Multiply  tJie  half -sum  of  the  side  heights  by  the  Tialf-boMe 
and  to  this  add  tJie  product  of  the  center  height  by  the  Jialf-sum  of 
the  distances  out;  the  result  will  be  tlie  area. 

If  the  linear  measurements  are  in  feet,  the  area  will  be  in 
square  feet. 

When  JT,  =  Ai  =  Ao ,  then  D,  =  (f i  =  (?  =  &  +  7i^s  and  (868)  re- 
duces to 

^  =  6Ao  +  h^d  =  Ao(&  ■\-d)  =  h^{2b  +  h,^).    .  ~     (364) 

The  section  is  now  a  trapezoid  or  one  level  section  for  which 
may  be  deduced  by  the  uilual  rule  for  the  area  of  a  trapezoid. 


248.  Area  of  Five-level  Section. 

Fig.  125  represents  this  case,  where  we  may  evidently  divide 


I* D- H*-^-»l 


1 


Fio.  125. 


the  area  into  triangles  and  trapezoids,  computing  the  area  of 
each  separately  and  taking  their  sum  for  the  whole  area.  Thm 
following  simpler  method  may  be  Preferred;  ^^j^Q^Qole 
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Write  the  coordinates  of  successive  angular  points  of  the 
polygons  on  left  and  right  of  center  as  shown  below,  the  figures 
above  the  line  being  ordinates  and  those  below  abscissas.  The 
coordinates  of  L  and  J7are  zero  and  h  those  of  ^both  zero. 

L C R 


Beginning  at  the  center,  multiply  heights  by  distances  out  in 
pairs  as  indicated  by  the  sloping  lines,  the  products  of  members 
connected  by  full  lines  being  plus  and  of  those  connected  by 
dotted  lines  minus.  Half  the  sum  of  the  products  will  be  the 
area,  thus: 

"* ""  2L\+  Mx  +  hd^  +  hj>)  \o  +  d,h,  +  0  y J  •  (^^^ 

The  grouping  is  symmetrical  for  areas  each  side  of  center,  as 
(823)  exhibits;  so  it  will  be  sufficient  to  show  that  the  rule  is  cor- 
rect for  either  side.  Divide  the  figure  into  trapezoids  and  tri* 
angles  as  shown;  then 

Area  trapezoid  BCKM  =  J(Ao  +  -ffODi , 

"       ABMIf  =  iiffx  +  5,X-D,  -  2>,), 
"    triangle  ALN       =  iH^(Dit  -  h). 

The  two  trapezoids  include  the  triangle ;  hence  the  latter  must 
be  snbtracted  from  their  sum.  Doing  this  and  simplifying,  we 
have 

Al  =  iihoDi  +  JET.i),  -  2>,5i  +  ff^b), 

wliich  is  the  same  as  results  in  (828). 

249.  General  Formula  for  Areas. — The  method  of  248  may 
be  applied  to  any  section  no  matter  how  irregular.  Suppose 
there  have  been  n  levels  taken  on  one  side  exclusive  of  the  center 
height;  the  notes  would  appear  as  below: 

ho        7i,        Aa_  hn^l        hn        0_ 

0      dl      di    '  '  '   dn-.i      d^      b 
Expanding  in  the  same  manner  as  in  219, 

Ar  =l[(AoCf,+/iirfa+     .  .  /*«-l<i,»+M)-(<ii Aa+  .  .  •  <fn-lW].(366). 

To  show  that  (824)  gives  the  true  area,  consider  that  we  have  n 
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trapezoids  whose  area  is  positive,  and  one  triangle  whose  area  is 
negative  and  equal  to  i  hn{dn  —  h). 
Writing  out  the  area,  we  have 

Ab  =  i[(/4«  +  h^)d,  +  {hi  +  /t«Xd.  -  d,) 

+  .  .  .  {/tn-l  +  hn){dn  -  <J»-l)  -  An(*.  "  b)], 

PerformiDg  the  indicated  operations  and  simplifying, 
As  =  modi+h,du  +  .  .  .  +  ^»-i*i+  W)-(cf,A, .  .  .  +  dn-ihn)» 

which  is  the  same  result  obtained  in  (866). 

Evidently  n  may  have  any  positive  integral  value. 

If  preferred,  the  cross-sections  may  be  plotted  on  cross-section 
paper  aud  the  area  read  oflf  by  means  of  a  planimeter. 

260.  Tables  of  Areas  of  Iievel  Sections,  and  the  Three- 
level  Correction. — Formula  (364)  may  be  employed  in  com 
puting  the  areas  of  level  sections  for  any  values  of  b  and  t. 

Table  XVII  gives  the  areas  for  a  few  of  these  values.  When 
many  sections  are  to  be  figured  it  will  be  well  for  the  engineer  to 
compute  the  necessary  tables,  provided  he  is  unable  to  secure 
published  ones  for  the  particular  bases  aud  slopes  he  is  working 
with.  It  is  not  within  the  scope  of  this  volume  to  give  the 
vaiiety  of  tables  needed;  they  are  published  elsewhere. 

The  area  of  three-level  sections  may  be  found  from  the  areas  of 
level  sections  by  the  aid  of  a  suitable  correction.  Let  the  height 
used  in  entering  the  tables  of  level  sections  be  the  mean  height  of 

the  three-level  section,  /t^  =  4"        '»  **^c  corresponding 

area,  by  (322),  is 

A' =  hU^b  +  h„,s)  =  2bkm  +  hfk's (a) 

The  true  area  is  given  by  (321): 

=  ^?^t^  ±Jh  +  2,.^t.^i±*;,  _  V. 

4  4 

=  2bhyn  +  27toAm«  -  hoU (Jb) 

Prom  equations  (a)  and  (b)  the  correction  is 

c  =  ^'  -  ^  =  ( W  -  2^oAm  +  ^••)S„3Tbyfen  ^•)"«-  (8«'7) 
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Table  XV  111  was  computed  by  (867),  and  gives  values  of  e 
which  are  always  positive,  and.  which  must  be  subtracted  from 
the  tabular  area,  found  by  eutering  the  table  with  the  mean 
height  of  section,  in  order  to  get  the  true  area. 

Example. —The  side  heights  for  a  fill  haviug  a  14>ft.  base  and 
side  slopes  It  to  1  are  8.6  aud  16.4  feet,  while  the  center  height  is 
7.7  ft.    The  mean  height  is 

^  ^  a_6 -M  X  7.7  +  16.4  ^^0.^,,^ 
4 

for  which  Table  XVII  gives  A'  =  294.4  sq.  ft.     For  the  correc- 
tion, hm-  ho  =  10.1  -  7.7  =  2.4  ft.,  for  which  Table  XVIII 
gives  c  =  8.6  sq.  ft. 
The  true  area  is  now  A  =  294.4  -  8.6  =  285.8  square  feet. 


C,  Ifofume  of  Earthwork, 

261.  Cross-sections  must  be  taken  at  all  full  stations  and  at  in- 
termediate points,  or  pluses,  where  there  is  a  change  in  longitudi- 
nal slope.  It  will  be  well  in  any  event  to  take  them  so  close 
together  that  the  difference  in  end  heights  should  not  exceed 
about  five  feet.  The  time  consumed  in  making  these  intermediate 
measurements  will  be  more  than  offset  by  the  reliability  of  the 
results.  A  few  Of  the  more  usual  methods  of  estimating  quan- 
tities will  be  given  here. 

252.  Averaging  End  Areas.— This  is  the  easiest  of  application 
and  therefore  the  most  generally  used,  but  is  open  to  the  objec- 
tion that  it  gives  inaccurate  results.  However,  when  bids  are 
based  upon  it,  both  parties  to  the  contract  agreeing,  it  would 
seem  to  answer  as  well  as  any  other  method. 

If  Ai  and  Aa  are  the  end  areas  and  I  the  length,  we  shall  have 

F=^i±A-i (868) 

Stated  in  words,  (326)  yields  the  following 

Rule. — Multiply  tlie  half-sum  of  the  end  areas  by  the  axial 
length  ofprismoid  ;  ihe  result  mil  he  the  volume. 

If  areas  are  in  square  feet  and  length  in  feet,  the  volume  will 
be  in  cubic  feet ;  to  reduce  to  cubic  yards  divide  by  27. 
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258.  Prismoidal  Formula.— The  parallel  sections  should  be 
80  taken  that  the  surface  bounding  the  volume  to  be  measured 
may  be  supposed  to  be  generated  by  a  straight  line  moving  on 
the  bounding  lines  of  the  sections  as  directors  in  such  a  manner 
as  to  return  to  its  original  position.  Such  a  figure  is  called  a 
fyrismoid. 

The  height  of  any  section  Intermediate  between  the  end 
sections  is  a  function  of  its  distance  from  either  end,  and  the 
area  of  that  section  will  be  a  quadratic  function  of  its  distance 
from  either  end. 

Now  we  know  from  mechanics  that  Simpson's  (Newton's)  Rule 
will  hold  for  any  function  not  higher  than  the  third  ;  so  for  the 
mean  area  this  rule  yields 

Mean  area  =  ^■+^'»  +  ^' 


where  Ai  and  At  are  the  end  areas,  Am  the  middle  area ;  hence 
we  have  for  the  volume 

r=(Ai  +  AAm  +  Ai)^,       .    .    .     (369) 

in  which  /  is  the  axial  length  of  prismoid. 

The  same  result  may  be  obtained  geometrically  by  dividing  the 
prismoid  into  prisms,  wedges,  and  pyramids,  and  applying  the 
usual  rule  for  volumes. 

Let  the  end  areas  be  ai,  a^,  a/,  a/,  etc.,  and  the  mid-areas 
Om,  afn\  etc. 

For  the  prism  ai  =  a,  =  am ;  hence  the  volume  is 

f,  =z  ail  =  (ai  +  ichn -\- at)— (a) 

For  the  wedge  a/  =  2am'  and  a^  =  0;  therefore 

t,' =  a»'|.  =  «  +  4am' +  a.')-^.      •    •     .    © 
For  the  pyramids  a,"  =  4am"  and  a»"  =  0;  hence 

t<' =  a»"|  =  (a/' 4- ^«"  +  a,")f .      .     .     (c) 
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Adding  (a),  (b),  and  (c),  the  total  volume  is 
F=  «+«'  +  «" 

=  [(ai+a,'+ai")+4(a«-h«m'+am")+(«t+at'+«t")3-g    •    « 
But  oi  +  a,'  -f  ai"  =  ^, 

and  Ot  +  ot  +  a,"  =  ^t ; 

therefore  r=  (At  +  4il«  +  ul,)  •  i 

the  same  as  (369). 

Stated  in  words  there  results  the  following 

RuLB. — To  the  sum  of  the  end  areas  add  four  times  the  mid-area 
multiply  hy  the  lengthy  and  divide  by  6.  The  result  toUl  be  the 
volume. 

To  reduce  to  cubic  yards,  divide  by  27. 

Formula  (869)  contains  three  terms,  the  middle  area  being 
derived  from  the  cross-section  notes  for  the  end  sections  at  the 
expense  of  some  little  trouble.  In  the  attempt  to  simplify  this 
formula  Dr.  George  Bruce  Halsted  in  1881  published  a  two-term 
prismoidal  formula,  giving  the  volume  in  terms  of  one  base  and 
a  section  at  two  thirds  of  the  length  of  the  prismoid,  the  formula 
being 

r=  (At  +  8^1) J  =  (3^j  +  ^a)J.  .     .    .    (870) 

In  1894  Professor  W.  H.  Echols  showed  by  the  aid  of  higher 
matbematics  that  an  indefinite  number  of  two-term  formulae 
might  be  derived.  The  same  results  were  established  in  1895  by 
Professor  T.  U.  Taylor  by  elementary  mathematics. 

None  of  these  two-term  formulae  have  so  far  been  placed  in  a 
form  suitable  for  application  to  earthwork  measurement,  owing 
to  the  difficulty  of  finding  the  area  of  the  auxiliary  section. 

In  fact  the  onl}*^  objection  to  the  use  of  (827)  is  the  loss  of  time 
required  in  obtaining  the  mid-area  and  the  uncertainty  as  to  its 
accuracy  in  the  case  of  very  irregular  sections. 

For  three-level  ground  we  may  construct  a  section  having 
heights  that  are  means  between  corresponding  end  heights,  but 
for  very  irregular  sections  there  may  be  uncertainty  as  to  wi^at 
heights  must  be  averaged  to  obtain  the  midsection  heights.  For 
any  other  than  the  mid-sections  the  heights  are  obtained  with 
more  difficulty.  ,,™d., Google 


J 
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264.  Form  of  Notes.— The  record  of  areas  and  yolumes  may 
be  kept  in  the  form  below,  which  represents  the  cross-section 
book, with  the  necessary  columns  added. 


Sta. 

Ground 

Gnide. 

L. 

C. 

B. 

End 
areas. 

Mid- 
areas.. 

Ezc. 
cu.yd8. 

Emb. 
cu.yds. 

91 
92 
93 

94 

188.6 
186.4 
180.0 

173.0 

183.0 
181.0 
180.0 

179.0 

16.8 
+4.1 
18.1 
+2.0 
11.0 
+1.0 
10.0 
0.0 

-8  1 
10.8 
-4  2 
13.8 

+6.6 
+6.8 
+4.1 
+8.1 
0.0 
-8.0 
-6.0 

+8.9 
17.9 
+7.6 
16.6 
+6.1 
15.1 
+8.0 
18.0 
0.0 
9.0 
-4.8 
13.6 
-8.6 
19.9 

+175.63 

+89.96 
0.0 

-144.40 

+130.64 

+41.10 
-57.95 

486.4 
158.8 

282.8 

If  the  method  of  averaging  end  areas  is  employed,  the  column 
of  mid-areas  will  not  be  needed,  and  may  even  be  omitted  when 
computing  by  the  prismoidal  formula.  In  this  case  the  notes  for 
mid-section  and  the  mid-area  should  be  written  in  red  ink. 

An  office  record  should  be  kept  in  addition  to  the  record  in  the 
cross-section  book,  to  which  it  will  not  be  necessary  to  transfer 
the  elevations  of  ground  and  grade.  If  preferred,  the  areas  and 
volumes  may  be  kept  only  in  the  office  record,  omitting  them  in 
the  cross-section  book. 


266.  Prismoidal  Correction. —The  time  and  labor  required  to 
obtain  the  area  of  the  mid-section  makes  the  use  of  the  prismoidal 
formula  objectionable;  for  this  reason  the  method  of  averaging 
end  areas  is  most  often  employed.  The  difference  in  the  two 
methods  will  not  be  great,  provided  the  difference  in  end  heights 
is  not  over  8  or  4  ft. ;  it  should  never  exceed  5  ft. 

When  the  difference  exceeds  this  a  considerable  error  is  intro- 
duced by  the  use  of  (826).  It  will  generally  be  sufficient  to 
average  end  areas  and  then  apply  a  conection  if  the  result  must 
be  free  from  large  errors. 

(a)  Correction  for  Ijovel  Sections. — Between  two  level  end 
sections  the  volume  is  made  up  of  one  prism,  one  wedge,  and  two 
pyramids.    For  the  prism  and  wedge  the  true  volume  is  given  by 
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averaging  end  areas,  but  for  the  pyramids  the  error  is  easily 
shown  to  be 

?^^^=-M^^:^(i-^)  cubic  feet. 


or 


0  =  (H^-Ky  9^      ^^  cubic  yards. 


(371) 


The  table  below  gives  the  correction  C  in  cubic  yards,  com- 
puted by  (371),  for  a  few  values  of  H^  —  h^,  when  «  =  1  and  I  = 

Is 
100  i  for  any  other  length  and  slope  multiply  by  ^7^:. 


TABLB 

OP  PRI8M0IDAL 

COJIRKCTIONS  FOR  LEVEL  SECTIONS. 

F.-/io. 

.0 

.1 

.2 

.8 

.4 

.6 

.6 

.7 

.8 

.9 

0 

0.0 

0.0 

0.0 

0.1 

0.1 

0.2 

0.2 

0.8 

0.4 

O.fi 

1 

0.6 

0.7 

0.9 

1.0 

1.2 

1.4 

1.6 

1.8 

2.0 

2.9 

2 

2.5 

2.7 

3.0 

3.3 

3.6 

3.9 

4.2 

4.5 

4.8 

5.2 

8 

5.6 

59 

6.3 

6.7 

7.1 

7.6 

8.0 

85 

8.9 

9.4 

4 

9.9 

10.4 

10.9 

11  4 

12.0 

12.5 

13.1 

13.6 

14.2 

14.8 

5 

15.4 

16.1 

16  7 

17.8 

18.0 

18.7 

10.4 

20.1 

20.8 

21.5 

6 

22.2 

23.0 

23.7 

24  5 

25.3 

26.1 

26.9 

27.7 

28.5 

29.4 

7 

80.2 

31.1 

82.0 

82.9 

33.8 

34.7 

35.7 

86.6 

37.6 

38.5 

8 

89.5 

40.5 

41.5 

42.5 

43.6 

44.6 

45.7 

46.7 

47.8 

48.9 

9 

60.0 

51.1 

52.2 

584 

54  5 

55.7 

56.9 

58.1 

59.3 

60.5 

10 

61.7 

63.0 

64.2 

66  5 

66.8 

68.1 

69.4 

70.7 

72.0 

73.3 

11 

74.7 

76.1 

77.4 

78.8 

80.2 

81.6 

83.1 

84.5 

86.0 

87.4 

12 

88.9 

90.4 

91.9 

93.4 

94.9 

96.5 

98.0 

99.6 

101.1 

1027 

18 

104.8 

105.9 

107.6 

109  2 

110.8 

112.5 

114.2 

115  9 

117.6 

119  3 

.     14 

121.0 

122.7 

124.5 

126.2 

128.0 

129.8 

131.6 

133.4 

186.2 

137.0 

15 

188.9 

140.7 

142.6 

144.5 

146.4 

148.3 

150.2 

152.2 

154.1 

156.1 

(6)  Oorrection  for  Three-level  Sections. — Formula  (871)  or 
the  foregoing  table  may  be  used  in  determining  the  correction 
for  three-level  sections  when  these  sections  are  somewhat  similar 
and  the  corresponding  heights  not  very  different.  A  general 
formula  may,  however,  be  derived. 

Let  the  center  and  side  heights  at  one  section  be  Ho,  Hi.  anj 
Fa,  respectively,  and  let  the  distance  between  slope-stakes  be 
W  =  Di  +  -Da;  let  the  corresponding  heights  at  the  other  end 
section  he  h^,  hi,  and  h^  with  a  distance  between  slope  stakes  of 
10  =  di  -\-  da. 

By  formula  (321)  the  areas  will  be: 

Area  at  first  end  =  ^{Hi  -f-  Hi)  4-  -^&, .    .,    .     («) 

^  jtzedfydOOgle 
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Area  at  second  end  =  ^(^i-}-^)+i^^o,     ...(&) 

4x».d™,-4[|(«d:i!+a±^)+J.2±i?.«ri*] 

Froril  (a),  (6),  and  (c)  the  voliime  by  the  prismoidal  rule  is 
V  =  [ib{Hi+h,+H,+h2)+W  (ff.+^°)  +«'  ('^o+y)  ]  ^i     (* 
From  (a)  and  (5),  by  averaging  end  areas, 

^mHi+hi+H2+h)+WHo+iwho]X^ (e) 

From  (d)  and  (e)  the  correction  is 

r -7=  ^iHo-ho)+^iho-Ho)^^ 

^{Ho-ho)(W-w)X^CM.it,      .     .     (372) 


C  =  (/fo-W(Tr-t^)Xj2^;       .     .    .     (373) 


The  correction  in  cubic  yards  is 

when  Z  =  100, 

C^O.Sl{Ho-ho)(W-w) (3730 

This  correction  may  be  either  positive  or  negative. 

Example. — Compute  the  correction  for  the  two  prismoidfi 
below 

Sta.  L.  C.  R. 

^^ 1474  +^-^  lO" 

lAi  +10.8  +11.2 

ifi9  +^2  +4.8 

For  the  prismoid  between  160  and  161 

ion 
C  =  (3.0-7.0)(30.0-40.0)Xj^^  =  +12.3  cu.  yds. 

For  the  prismoid  between  161  and  162 

C  =  (7.0-9.0)(40.0-28.0)XYf^=  -7^  cu.  yds. 

IZ  A-^/jitized  by  V^OO" 
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When  the  correction  C  is  positive  it  must  be  subtracted  from, 
and  when  negative  added  to,  the  volume  as  found  by  averaging 
end  areas;  this  is  evident  from  (372).  C  will  be  negatives  when 
the  smaller  center  height  and  greater  width  between  slopenatakes 
occur  at  the  same  station,  as  is  illustrated  in  the  example. 

The  general  tendency,  however,  with  the  method  of  averaging 
end  areas  is  to  give  volimies  that  are  too  large,  and  the  error 
increases  with  the  square  of  the  difference  in  end  heights,  as  is 
evident  from  (371). 

256.  When  the  center  and  sides  of  roadbed  do  not  pass  from 
cut  to  fill  at  the  same  station  we  have  a  volume,  part  excavation, 
part  embankment,  between  the  same  pair  of  sections,  such  as  is 
illustrated  in  Fig.  126. 

Between  sections  ABC  and  EDFML  the  solid  having  bases 


ABC  and  FED  is  embankment,  while  the  pyramid  FML-A 
is  in  excavation. 

For  such  cases  as  this  the  method  of  averaging  end  areas  is 
most  in  error,  particularly  if  the  groimd  have  a  sharp  longitudinal 
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a&  well  as  transverse  slope.     Whatever  method  is  employed,  the 
excavations  and  embankments  must  be  separately  computed. 

257.  Tables  of  Volumes  for  Level  Sections  and  Bqual  Bnd 
Areas  may  be  used  in  making  preliminary  estimates.  The  aver- 
age center  height  for  one  or  more  stations  is  taken  from  the  pro- 
file and  the  volume  at  once  read  off  from  tables,  such  as  Table 
XIX. 

Table  XX  may  be  used  in  finding  the  volume,  after  having 
averaged  the  end  areas,  and  a  correction  made  by  265  if  desired. 

258.  Side  Ditches  in  cuts  have  a  constant  cross-section,  and 
hence  a  constant  volume  for  each  full  station.  Their  contents 
are  separately  computed  and  added  after  the  other  computations 
have  been  made.    They  need  not  be  shown  in  cross-section  notes. 

259.  Earthwork  on  Curves. —In  computing  quantities  on 
curves  the  end  sections  are  assumed  to  be  parallel,  and  the  axial 
distance  between  sections  taken  as  the  length  of  the  prismoid. 
If  the  volume  be  taken  as  generated  by  a  moving  section,  and  the 
center  of  gravity  of  this  section  lie  always  on  a  vertical  line  passing 
through  the  axis,  this  method  gives  correct  results  ;  otherwise  not. 
The  result  will  be  too  small  or  too  large  according  as  the  center  of 
gravity  falls  without  or  within  the  center  line  of  curve. 

If  the  volumes  are  computed  by  averaging  end  areas,  it  will  be 
A  useless  refinement  to  apply  a  curvature  correction ;  but  if  the 
prismgidal  formula  is  employed,  and  accuracy  is  desired,  it 
should  be  applied,  especially  if  the  work  be  in  rock. 


Fig.  127. 


To  flna  the  curvature  correction  (c.c.)  consider  Pig.  127,  which 
represents  the  mean  section  of  the  prismoidj.^g^^yQQOole 
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The  portion  ABHEG  has  its  center  of  gravity  on  the  line  BF 
(5J?  having  the  same  slope  as  BA) ;  hence  the  path  of  its  center 
of  gravity  will  be  the  same  length  as  the  axis  of  the  prismoid, 
and  there  will  be  no  error  in  the  computed  volume  generated  by 
this  portion.  In  the  triangle  BCH  drtiw  BK  to  the  mid-point  of 
CH,  The  center  of  gravity  of  this  triangle  is  at  M^  two  thirds  of 
the  distance  BK  from  B.  Now,  by  Guldin*s  rule  (theorem  of 
Pappus)  the  volume  generated  equals  the  area  multiplied  by  the 
path  of  the  center  of  gravity,  the  center  of  rotation  being  in  the 
plane  of  the  area. 

Draw  BL  horizontal  and  take  N  on  a  vertical  through  M\  let 
the  angle  in  degrees  at  the  center  be  6. 

The  volume  generated  by  the  triangle  BGH  is 

V:=^BGE^^{R-{-BN). 


But  the  calculated  volume  is 

180 


Fo  =  BCH  X  I  =  BCHii^R. 


Hence  the  curvature  correction  will  be 

e.e.=  V-ro=:BCH^B2r. 
2  2   di-\-  d-i      d\  4-  dn 

.  •.  cc.  =  ^BCffidi  +  ^a)6°  =  ^OmBCE{di  -f  efa)e^     (374) 

"When  the  sections  are  100  ft.  apart  B""  =  D  and  the  correction 
becomes 

c.c.  =  .006BGH(di  +  d^)D (874') 

The  area  of  the  triangle  BCH  is  easily  seen  to  be 

A=:i[b{h^-7h)  +  7io{d<,-'dx)].     .     .    (375) 

If  the  triangle  BOH  is  on  the  convex  side  of  curve  the  correc- 
tion must  be  added,  if  on  the  concave  side  it  must  be  subtracted. 

For  light  work  the  correction  is  small,  but  for  heavy  work  with 
steep  transverse  slope  on  sharp  curves  it  may  be  considerable. 
In  practice  we  may  use  the  middle  for  the  mean  area  without 
material  error. 

Example.— Find  the  correction  per  station  oti^w Q^Sl^e,  28 
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ft.  base,  side  slopes  1}  to  1,  inside  height  10  ft.,  outside  Height 
30  ft.,  end  sections  equal. 

« 
Article  21.    Haul  and  OvERHAtiL.    The  Mass  Curve. 

260.  Haul  is  defined  as  the  work  done  in  moving  material 
from  excavation  to  embankment.  The  imit  ordinarily  em- 
ployed is  the  work  done  in  moving  one  cubic  yard  100  feet 
horizontally.  This  imit  has  been  called  both  the  "yard-  station " 
and  the  "station-yard."  It  will  be  here  called  the  station^ 
yard  (s.t/.)  as  being  possibly  a  little  easier  of  verbal  expression. 

Unit  prices  are  usually  based  upon  a  certain  maximum  length 
of  haul,  which  length  is  stated  in  the  specifications  which  cover 
a  particular  contract.  This  specified  distance  is  called  the 
length  of  free-havlf  or  the  free-havl  distance.  The  least  value 
ordinarily  assigned  is  100  feet  and  the  greatest  1000  feet. 
Five  himdred  feet  is  very  generally  used. 

261.  Overhaul  is  defined  as  the  work  done  in  moving  material 
from  excavation  to  embankment  through  horizontal  distances 
greater  than  that  specified  as  the  limit  of  free-haul.  Its  unit 
IS  the  station-yard,  and  for  this  extra  haul  additional  com- 
pensation is  allowed  in  the  contract.  The  price  paid  for  over- 
haul is  seldom  less  than  one  cent,  nor  greater  than  two  cents 
per  station-yard.  The  contractor  receives  pay  for  the  exca- 
vation and  for  overhaul,  but  not  for  the  embankment  con- 
structed from  the  material  moved  imless  the  specifications 
provide  for  pa3anent  "both  ways,'*  in  which  case  bidders  will 
make  their  tenders  accordingly. 

When  the  payment  per  cubic  yard  for  overhaul  just  equals 
the  cost  of  excavation,  the  horizontal  distance  between  the 
initial  and  final  positions  of  the  centers  of  gravity  of  the  material 
so  moved  may  be  called  the  limit  of  free-haid;  for  any  greater 
length  of  haul  it  will  be  cheaper  to  waste  the  excavated  material 
and  to  borrow  material  within  the  limit  of  free-haul  for  the 
construction  of  the  embankment,  provided  such  material  is 
available.  For  any  shorter  distance  the  railroad  company  or 
owner  will  find  it  profitable  to  pay  for  overhaul.  In  cases 
where  contracts  are  made  for  payment  "both  ways"  it  is 
optional  with  the  contractor  whether  he  makes  the  long  haul 
or  wastes  and  borrows  all  his  material. 

262.  The  Amount  of  Overhaul  is  found  by  determining  the 
horizontal  distance  between  the  initial  and  final  positions  of 
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the  centers  of  gravity  of  the  material  upon  which 'pa3rment 
for  overhaul  is  to  be  made.  The  contractor  is  entitled  to  the 
benefit  of  any  haul  less  than  the  limit  of  free-haul,  so  that 
these  limits  must  first  be  determined  from  the  cross-section 
notes,  though  sometimes  it  may  be  done  approximately  from 
the  profile.  The  engineer  should  set  stakes  to  mark  these 
points.  Next  he  must  determine  the  positions,  from  his  notes, 
of  the  centers  of  gravity  of  the  mass  to  be  moved  and  as  finally 
deposited,  and  this  distance,  less  the  limit  of  free-haul,  when 
multiplied  by  the  number  of  cubic  yards,  will  be  the  amount 
of  overhaul.  Occasionally  engineers  figure  the  distance  from 
center  of  gravity  to  center  of  gravity  of  the  whole  mass  moved, 
including  that  within  the  hmits  of  free-haul,  deduct  there- 
from the  value  of  the  limit  of  free-haul  and  compute  the  over- 
haul by  multiplying  the  resulting  distance  by  the  total  number 


Fig.  128. 


of  cubic  yards  which  have  been  moved.  This  requires  every 
yard  to  be  moved  the  full  limit  of  free-haul  before  overhaul 
begins  to  run  and  is  not  generally  understood  by  contractors, 
nor  taken  into  account  by  them  when  making  their  proposals. 
In  so  far  it  is  not  fair  to  the  contractor. 

In  Fig.  128  let  AB  be  the  length  of  free-haul,  the  points 
A  and  B  being  fixed  on  the  profile  so  that  the  volume  of  ACE 
equals  the  volume  CBK;  this  may  be  done  by  trial  compu- 
tations from  the  cross-section  notes,  or  in  some  special  cases, 
approximately  from  the  profile.  Let  the  mass  EFHA  be  re- 
moved to  BKLMj  and  let  the  centers  of  mass  in  the  two  posi- 
tions be  g  and  pi,  respectively;  the  lenffth  of  overhaul  to  be 
paid  for  will  be  GGi-AB^GA+BGi.  To  find  g  and  gi  accu- 
rately, requires  that  the  sum  of  the  moments  of  the  elementary 
masses  equal  the  moment  of  the  whole  mass  with  respect  to 
any  chosen  point.  It  will  answer  in  practice  to  multiply  the 
volume  per  station  by  the  distance  of  its  center  of  mass  (found 
by  dividing  the  station  length  in  the  inverse  ratio  of  its  end- 
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areas)  from  some  selected  point,  as  C,  and  equate  this  to  the 
product  of  the  whole  mass  by  the  unknown  distance  of  its 
center  of  gravity  from  the  same  point,  then  solve  for  this  dis- 
tance. Indeed,  it  will  answer  in  most  cases  to  find  a  point 
which  divides  the  mass  into  two  equal  parts  and  to  treat  this 
as  the  center  of  gravity;  such  a  point  may  be  found  by  trial. 

Example. — In  the  figure  let  AEFH  =0400  cubic  yards, 
GA=300  feet,  GiB=3S0  feet,  and  the  price  to  be  paid  for 
overhaul    li    cents   per   station-yard.      The   additional   com- 

300+380 
pensation  above  the  imit  price  will  be  — r^r — X  6400X0.015 

=  $652.80. 

263.  Cross-haul  is  a  term  applied  when  the  material  exca- 
vated from  different  cuts  is  hauled  in  both  directions  over 
some  particular  portion  of  the  line..  As  a  general  thing  it 
should  be  considered  unnecessary,  and,  therefore,  uneconomic, 
haul.  Sometimes,  however,  an  operating  advantage  may 
result  from  its  use  which  may  more  than  offset  the  disadvan- 
tage of  hauling  material  unnecessarily  long  distances.  This 
may  occur  where  steam  shovels  and  dump  cars  are  operated. 
Cross-haul  should  be  avoided  and  no  allowance  should  be 
made  therefor  should  the  contractor  elect  to  operate  in  such 
a  way  as  to  involve  it,  unless  this  method  of  haul  should  be 
ordered  by  the  engineer  to,  facilitate  the  work,  or  for  other 
good  reasons. 

264.  The  Mass  Curve  may  be  employed  in  computing  over- 
haul graphically,  and  time  and  tedious  computations  saved 
by  its  use.  Its  construction  and  appUcation  are  illustrated 
by  Fig.  129. 

The  irregular  line  FECKL  represents  the  ground  surface 
seen  in  profile,  and  the  line  HACBM  the  grade  line,  which 
intersects  the  ground-surface  line  at  C.  AB  represents  the 
length  of  free-haul,  the  excavation  represented  by  CAE  being 
just  sufficient  to  form  the  embankment  CBK.  The  volume 
upon  which  overhaul  is  to  be  computed  is  represented  in  ex- 
cavation by  the  shaded  area  AEFH,  It  is  required  to  locate 
the  vertical  ML  in  order  that  the  volume  represented  by  BMLK 
in  embankment  may  be  constructed  of  the  material  excavated 
from  AEFH, 

Let  g  and  gi  be  the  centers  of  mass  of  the  material  before 
being  excavated  and  after  being  placed  in  embankqapnt.    The 
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location  of  g  and  gi  and  the  horizontal  distance  OGi  between 
them  is  required  in  order  that  the  overhaul  may  be  computed 
after  the  volume  to  be  moved  has  been  determined. 

On  the  profile  shown  in  Fig.  129  let  fl'  be  a  point  past  which 
no  material  will  be  hauled.  Through  H  draw  a  vertical  line 
and  on  this  vertical  select  a  point  H'  as  the  origin  of  coordinates. 
At  successive  station-points  on  a  horizontal  through  H'  erect 
ordinates  equal  to  the  algebraic  sum  of  the  quantities  between 
each  such  station  and  the  initial  station  H.  Quantities  in 
excavation  and  embankment  are  given  opposite  algrabaic 
signs.  As  here  taken,  excavation  is  plus  and  embankment 
minus.  If  preferred,  these  signs  may  be  reversed,  but  for  the 
same  profile  the  signs  must  have  the  same  meaning  through- 
out. The  ordinate  at  H  is  zero;  that  at  any  other  point,  as 
Sta.  68,  represents,  to  scale,  the  total  amoimt  of  excavation 
between  Stations  64  and  68.  The  grade-line,  represented  by  the 
line  HCMj  passes  from  cut  to  fill  at  C,  which  is  at  Sta.  70+10 
in  this  case.  In  like  manner  the  ordinate  at  Sta.  74  represents 
the  algebraic  sum  of  the  quantities  between  Stas.  64  and  74. 
The  ends  of  adjacent  ordinates  are  then  joined  by  straight 
lines,  or,  better  still,  a  smooth  cm^e  is  passed  through  them  all. 

The  next  step  is  to  determine  the  location  of  the  points  A 
and  B  which  mark  the  limits  of  free-haul.  To  do  this,  take 
the  specified  length  of  free-haul  to  the  same  scale  as  horizontal 
distances  have  been  plotted  on  the  profile,  and  find,  by  trial,  the 
points  A'  and  B'  on  the  same  horizontal  line,  and  at  the  same  time 
on  the  curve,  which  are  distant  from  each  other  this  distance 
of  specified  free-haul.  Project  A'  and  B'  vertically  to  A  and  B. 
The  verticals  AE  and  BK  mark  the  limits  of  free-haul. 

Since  all  the  material  from  excavation  is  to  be  utilized  in 
embankment  when  possible,  the  vertical  ML  is  located  by 
drawing  through  H'  a  horizontal  line  which  cuts  the  other 
side  of  the  mass  cmre  at  Af' ,  and  then  projecting  M'  vertically 
to  M.  ML  then  defines  the  limiting  position  of  any  material 
hauled  from  the  excavation  represented  by  the  area  AEFH 
to  the  embankment,  which  is  represented  by  the  area  BKLM. 
The  equal  ordinates  A' a  and  B'b  represent  the  volume  of  earth- 
work upon  which  overhaul  is  to  be  computed.  The  area  A'C'B' 
measures  the  work  done  in  moving  the  excavated  material 
from  ACE  to  CBK^  and  the  area  H'A'B'M'  measures  the 
total  work  done  in  moving  the  mass  AEFH  horizontally  to 
the  position  it  will  finally  occupy  as  BKLM,    The  overhaul 


CX)NSTBUCTION.  251 

foi  this  latter  mass  is,  however,  measured  by  the  shaded  area 
of  the  mass  diagram,  because  every  cubic  yard  of  this  must 
be  moved  through  the  free-haul  distance  before  overhaul  begins 
to  run.  'Jlie  imshaded  area  A'B'ba  represents  the  work  done 
in  moving  the  mass  through  the  horizontal  distance  between 
A  andB. 

To  find  the  positions  of  the  centers  of  gravity,  g  and  gi  of 
the  mass  before  and  after  moving,  we  bisect  the  ordinate  A% 
or  its  equal  B%  and  project  the  points  (?'  and  (r/,  where  a  hor- 
izontal through  the  mid-point  o'  cuts  the  mass  curve,  vertically 
to  G  and  (7i.  The  points  g  and  gi  lie  on  these  verticals.  The 
overhaul  will  then  be  equal  to  the  quantity  A' a  multiplied 
by  the  simi  of  the  distances  GA  and  BGi,  or,  stated  as  a  formula, 

Overhaul = A'o  X  ((7(7i -AB). 

K  the  embankment  to  the  right  of  ML  (or  of  the  corre- 
sponding vertical  in  the  case  of  shrinkage  or  growth)  can  be 
entirdy  filled  from  a  cut  lying  adjacent  to  it  to  the  right,  the 
process  above  described  should  be  used  to  determine  the  right- 
hand  limit  of  the  excavation,  material  from  which  will  be 
used  to  construct  the  embankment. 

If  both  the  vertical  HF  and  the  corresponding  one  to  the 
right  of  the  figure  are  to  be  determined  so  as  to  make  the 
overhaul  a  minimiun  we  must  find,  by  trial,  lines  on  the  two 
mass  curves  which  are  equal  in  length,  which  are  horizontal, 
and  which  have  the  right-hand  end  of  one  and  the  left-hand 
end  of  the  other  on  a  common  point  on  the  mass  curve  while 
their  other  ends  He  also  on  their  respective  curves. 

It  may  happen  that  the  quantity  of  material  available  for 
excavation  is  insufficient  to  construct  the  embankment  inter- 
vening between  two  grade  points,  and  that  some  material 
must  be  borrowed  if  the  limit  of  economic  haul  is  not  exceeded. 
Or  the  material  from  an  excavation  may  be  in  excess  of  that 
needed  for  the  adjacent  embankments,  in  which  case  excavated 
material  must  be  wasted.  For  such  cases  compute  the  limit 
of  economic  haul  and  use  this  as  the  value  of  the  closing  line 
H'M'  in  order  to  locate  both  the  points  H  and  M  on  the  profile. 
Do  the  same  for  that  portion  of  the  mass  curve  lying  to  the 
right  of  that  shown  in  the  figure.  The  fill  or  cut  between 
adjacent  verticals,  such  as  ML  and  the  next  similar  vertical, 
must  then  be  wasted  or  borrowed  according  as  the  excess  is 
excavation  or  embankment.  ' ^^^  ^y Coogle 
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Guide  stakes  should  be  set  for  the  contractor  to  mark  sudi 
points  as  H  and  My  as  well  as  the  grade-point  C,  in  addition 
to  the  cross-section  stakes. 

265.  The  Swell  of  earthwork  is  the  increase  or  decrease 
in  volume  of  embankment  as  compared  to  the  volume  of  the 
same  material  before  it  has  been  excavated.  Ordinary  earth  will 
occupy  less  space  when  compacted  in  embankment  than  it 
originally  did  before  having  been  excavated,  but  with  rock  the  re- 
verse is  true,  the  volume  in  embankment  being  greater  than 
the  original  volume  before  excavation.  The  mass  diagram 
just  described  does  not  take  the  swell  into  account,  the  assump- 
tion being  that  one  cubic  yard  in  its  original  place  will  make 
just  one  cubic  yard  when  placed  in  the  embankment. 

The  American  Railway  Engineering  Association  reconmaends 
the  following  shrinkage  allowances,  for  both  height  and  width, 
for  green  embankments: 

Black  dirt:  trestle  filling,  15%,  raising  imder  traffic,  6%. 

Clay:  trestle  filling,  10%,  raising  under  traffic,  5%. 

Sand:  trestle  filling,  6%,  raising  imder  traffic,  5%. 

On  levee  construction  by  dredges,  and  for  station  work 
with  the  wheelbarrow,  a  shrinkage  allowance  of  25%  is  some- 
times allowed. 

Rock,  when  blasted  out  and  broken  up,  will  increase  in 
volume  from  40%  to  60%,  depending  upon  the  sizes  of  the 
fragments,  the  smaller  sizes  3delding  the  greater  growth. 

266.  The  Application  of  the  Mass  Curve  to  Cases  where 
the  Swell  is  Taken  into  Account  is  illustrated  by  the  dotted 
and  the  broken  lines  of  Fig.  129.  C'M'Q  is  the  mass  curve 
on  the  assimiption  of  no  swell,  C'Q'  the  mass  curve  when  shrink- 
age is  allowed  for,  and  C'Q"  the  mass  cmve  on  the  assumption 
of  growth. 

The  curve  C'Q'  is  obtained  by  multiplying  the  yardage  for 
each  station  successively  by  the  percentage  of  shrinkage  called 
for  in  the  specifications  and  adding  the  resultant  quantities 
to  the  original  volume.  By  plotting  the  "resulting  quantities 
and  joining  ends  of  ordinates  as  in  the  case  where  no  shrinkage 
is  provided,  the  dotted  curve  results.  In  like  manner  the 
broken  curve  is  obtained  for  the  case  of  growth,  the  products 
obtained  by  multiplying  the  quantities  computed  from  the 
cross-section  notes  by  the  percentage  of  growth  being  sub- 
tracted, because  it  wiU  require  less  than  one  cubic  yard  in  its 
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original  position  to  make  one  cubic  yard  when  deposited  in 
embankment.  For  either  of  these  cases  the  closing  line  H'M' 
will  have  its  right-hand  end  in  the  curve  which  applies  to  the 
particular  case  in  question.  That  is,  for  shrinkage  the  right- 
hand  end  will  lie  in  the  curve  C'Q'.  and  for  growth  in  the 
curve  C'Q", 

Fig.  129  was  constructed  from  the  data  given  on  the  profile 
and  the  two  sets  of  figures  below,  the  upper  set  being  the 
areas  at  the  points  cross-sectioned,  and  the  lower  set  yardages 
between  consecutive  cross-sections.  A  10%  shimkage  allowance 
was  assumed  in  plotting  the  curve  C'Q'  and  a  25%  growth  for 
the  curve  C'Q".  This  latter  rate  of  growth  would  correspond 
to  a  material  composed  partly  of  rock  and  partly  of  earth. 
The  proper  percentage  to  use  is  a  matter  of  experimental  de- 
termination if  a  high  degree  of  precision  is  required,  or  a  matter 
of  judgment  if  it  is  assvuned,  as  is  frequently  the  case. 

267.  The  Limit  of  Economic  Haul  depends  upon  the  unit 
price  paid  for  earth  embankment,  provided  suitable  material 
may  be  borrowed  within  the  Umit  of  free-haul,  and  that  space 
is  available  for  spoil  banks,  should  the  quantity  of  excavation 
exceed  that  of  embankment,  and  it  depends  also  upon  the 
unit  price  paid  for  overhaul.  This  limit  is  simply  the  distance 
at  which  the  unit  price  paid  for  overhaul  equals  the  unit  price 
paid  for  embankment.  To  state  it  algebraically,  let  /= limit 
of  free-haul;  ^=Umit  of  economic  haul;  c=unit  price  paid 
for  embankment  without  overhaul;  w= number  of  cents  paid 
per  station-yard  for  overhaul.    Then 

n(A-/)=c, 

from  which  A=-+/, (376) 

n 

Example. — Suppose  the  unit  price  of  embankment  is  18 
cents  per  cubic  yard,  the  limit  of  free-haul  300  f«et,  and  the 
price  paid  for  overhaul  IJ  cents  per  station-yard. 

By  (376),  ;i=i|-f3  =  12+3  =  15  stations. 

268.  Application  of  the  Mass  Diagram  to  a  Continuous 
Profile. — In  Fig.  130  the  upper  curve  is  the  profile  of  aline 
between  Stations  3538  and  3584  upon  which  has  been  drawn 
the  grade  line  AB'Z'.    The  lower  curve  is  the  mass  cigve,  which 
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is  derived  from  the  successive  summations  of  quantities,  be- 
ginning with  zero  at  Station  3541  past  which  no  haul  is  to 
take  place.  The  points  7),  F,  L,  O,  C/,  and  Y  are  grade-points. 
The  limit  of  free-haul  was  taken  at  300  feet  and  horizontal 
lines  ce,  gl,  np,  tv,  and  xz  of  this  length  were  drawn  between 
points  on  the  mass  cmrve,  as  described  in  264,  in  order  to  locate 
the  limiting  verticals  CC,  E'E,  G'Gy  etc.  It  so  happens  that 
the  vertical  through  I  falls  at  the  grade  point  L  in  this  case. 
It  is  evident  that  there  is  more  than  enough  material  in  the 
cut  which  Ues  just  to  the  right  of  EE'  to  form  the  embank- 
ment ACC  The  horizontal  ac'e'f  of  the  mass  diagram  is 
now  drawn  and  the  point  /  where  it  cuts  the  mass  curve  is 
projected  to  FF\  which  vertical  marks  the  limit  of  excavated 
material  which  is  to  be  hauled  backward  to  make  the  fill  ACC 
There  is  no  embankment  to  the  inunediate  right  of  the  grade- 
point  H  in  which  the  remaining  portion  of  the  cut,  represented 
by  FGG'F'  on  the  profile,  can  be  used,  as  the  small  embank- 
.  ment  between  H  and  L  has  been  provided  for  by  the  cut 
GEG'. 

It  is  evident  from  the  profile  that  the  embankment  between 
the  grade-points  0  and  U  will  more  than  take  care  of  all  exca- 
vation from  the  cut  immediately  to  the  left  of  0  and  the  one 
immediately  to  the  right  of  U.  We  therefore  draw  the  hori- 
zontal Zg,  and  project  q  upward  to  locate  the  limiting  vertical 
QQ'.  In  like  manner  the  horizontal  sx  is  drawn,  and  the 
points  s  and  x  where  it  intersects  the  mass  curve  are  projected 
upward  to  locate  SS'  and  XX' ^  respectively. 

The  centers  of  gravity  of  the  masses  ACC  arid  BGG'B' 
are  found  by  bisecting  cc'  or  ec'  and  drawing  a  horizontal  Hne 
through  these  bisecting  points  to  cut  the  mass  curve,  which 
cutting  points  are  then  projected  upward  to  the  profile  to 
locate  the  v^*ticals  on  which  these  centers  of  gravity  lie. 
Round  black  dots  represent  the  positions  of  the  centers  of 
gravity  on  the  profile.  The  overhaul  distance  will  then  be 
the  horizontal  distance  between  these  centers  of  gravity  less 
the  distance  of  free-haul.  In  like  manner  the  centers  of  gravity 
and  overhaul  distances  of  the  other  masses  are  foimd,  as  indi- 
cated in  the  figure. 

There  still  remaios  the  excavation  represented  by  FGG'F' , 
and  the  embankment  represented  by  QSS'Q',  unprovided  for. 
The  first  of  these  may  be  wasted  and  the  second  borrowed 
within  the  limits  of  free-haul,  but  first  let  us  determine  whether 
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or  not  it  will  pay  to  utilize  the  excavation  to  make  a  part  or 
all  of  the  embankment.  This  will  be  the  case  if  the  limit  of 
economic  haul  is  not  exceeded. 

The  mass  diagram  shows  that  the  point  /  is  lower  than  the 
point  s,  and  therefore  that  the  embankment  at  QSS'Q^  exceeds 
the  excavation  at  FGG'F',  so  that,  in  any  event,  some  material 
must  be  borrowed.  Now  draw  a  horizontal  through  /  to  cut 
the  mass  curve  to  the  right  and  if  the  length  of  this  horizontal 
does  not  exceed  the  limit  of  economic  haul  all  the  excavation 
may  be  used  in  embankment,  and  only  enough  borrowed  to 
complete  the  fill.  In  the  case  shown,  however,  the  limit  of 
economic  haul  is  15  stations,  which  limit  would  be  exceeded. 
We  therefore  locate  two  points,  k  and  m,  which  are  distant 
from  each  other  the  limit  of  economic  haul  and  on  the  mass 
curve  and  also  a  horizontal  line.  We  then  project  these  points 
upward  to  locate  the  limiting  verticals  KK'  and  MM\  The 
mass  FKK'F'  must  be  wasted  and  the  mass  MSS'M'  must 
be  borrowed. 

269.  Properties  of  the  Mass  Diagram. — From  the  preceding 
figures,  and  the  method  of  constructing  the  mass  curve,  the 
following  properties  of  the  mass  diagram  result: 

(a)  Ascending  portions  of  the  curve  indicate  excavation 
and  descending  portions  embankment. 

(6)  Maximmn  and  minimum  points  on  the  mass  curve, 
where  its  tangents  are  horizontal,  occur  on  verticals  through 
grade-points. 

(c)  The  difference  in  length  between  any  two  adjacent  ver- 
ticals of  the  mass  cmre  is  the  volmne  of  earthwork  between 
these  verticals  extended  to  cut  the  profile. 

{d)  Excavation  equals  embankment  between  two  points  on 
the  mass  curve  which  are  cut  by  a  horizontal  line. 

(e)  The  area  of  the  mass  diagram  situated  between  the 
curve  and  a  horizontal  which  cuts  it  measures  the  haul  between 
the  verticals  through  these  points. 

270.  Another  Method  of  Constructing   tfa^   Mass   CuiveSy 

which  many  engineers  prefer,  is  to  draw  as  many  partial  mass 
curves  as  there  are  volumes  of  earthwork  which  may  be  moved 
from  excavation  to  adjoining  embankments. 

Beginning  at  a  grade-point  the  quantities  to  the  left  of  it 
are  added  successively  and  plotted  as  ordinateS|  from  a  hori- 
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zontal  through  some  point  on  the  vertical  through  the  grade- 
point,  on  the  proper  verticals,  and  the  ends  of  the  ordinates  are 
then  joined  by  a  smooth  curve.  These  ordinates  may  be  set 
off  either  upward  or  downward  (but  usually  upward)  from 
the  arbitrarily  seclected  zero  horizontal.  To  the  right  of  the 
grade-point  quantities  are  summed  and  plotted  in  the  same 
manner  and  in  the  same  direction.  This  process  yields  figures 
similar  to  Fig.  129  (but  usually  inverted)  if  the  zero  line  passes 
through  C  instead  of  H'.  The  limiting  vertical  is  then  found 
just  as  in  264. 

At  each  grade-point  the  above-described  process  is  repeated 
and  a  series  of  detached  mass  curves  obtained  instead  of  a  con- 
tinuous one  as  in  Fig.  130. 


ARTiciiE  22.  Clbabing  and  Grubbing;  Drainage  Areas 
AND  RuN-OFP  Formulas;  Culverts  and  Bridges; 
Tunnels. 

271.  Clearing  and  Grubbing. — Having  the  center  line  of 
the  road  finally  located,  actual  construction  work  is  begun  by 
first  clearing  the  right  of  way  of  all  timber  growths,  though 
sometimes,  for  reasons  of  false  economy,  only  the  space  to 
be  occupied  by  the  roadway,  berms  and  borrow  pits  are  cleared. 
For  the  guidance  of  the  contractor  the  engineer  should  define 
the  limits  of  the  right  of  way  either  by  stakes  or  by  blazing  trees 
on  the  side  lines  of  the  railroEid's  property.  All  stumps  under 
embankments  and  on  berms  should  be  grubbed  or  blasted  out 
to  a  depth  of  18  inches  or  more,  except  under  high  fills,  where 
chopping  down  the  stump  to  the  level  of  the  ground  surface 
may  be  permitted.  In  cuts  the  stumps  may  be  removed  as 
the  work  of  excavation  progresses.  Borrow  pits  should  be 
grubbed  also,  but  sometimes  this  is  optional  with  the  con- 
tractor, by  provision  made  in  the  specifications. 

A  stump  puUer,  ordinarily  operated  with  mules  or  horses, 
wiD  often  be  most  economical  in  removing  small  stumps. 
Large  stumps  may  often  be  removed  by  dynamite  at  smaller 
cost  than^by  grubbing  out  by  hand. 

Payjnents  for  clearing  and  grubbing  are  usually  made  on 
an  acreage  basis,  either  together  or  separately.  The  table 
below  gives  the  area,  in  acres,  for  right  of  way  100  feet  wide 
for  distances  vai^ring  by  single  stations  from  1  to  60.    For  1 
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mile  of  right  of  way  100  feet  wide  the  area  is  12.1212-f  acres, 
or  closely  enough,  twelve  and  one-eighth  acres. 

TABLE  OF  AREAS  IN  ACRES  FOR  RIGHT  OF  WAY  100  FEET 
WIDE  AND  LENGTHS  VARYING  FROM   1   TO  60  STATIONS 


Stations.  .. 
Acres 

1 
0.23 

2 
0.46 

3 
0.69 

4 
0.92 

6 
1.15 

6 
1.38 

7 
1.61 

8 
1.84 

9 
2.07 

10 
2.30 

Stations.  .. 
Acres 

11 
2.53 

12 
2.75 

13 
2.98 

14 
3.21 

15 
3.44 

16 
3.67 

17 
3.90 

18 
4.13 

19 
4.36 

20 
4.59 

Stations.  .. 
Acres 

21 
4.82 

22 
5.05 

23 
5.28 

24 
5.51 

25 
5.74 

26 
5.97 

27 
6.20 

28 
6.43 

29 
6.66 

30 
6.89 

Stations.  .. 
Acres 

31 
7.12 

32 
7.35 

33 

7.58 

34 
7.80 

35 
8.03 

36 
8.26 

37 
8.49 

38 

8.72 

39 
8.95 

40 
9.18 

Stations.  . . 
Acres 

41 
9.41 

42 
9.64 

43 

9.87 

44 
10.10 

45 
10.33 

46 
10.56 

47 
10.79 

48 
11.02 

49 
11.25 

50 
11.48 

Stations.  .. 
Acres 

51 
11.71 

52 
11.94 

53 
12.17 

54 
12.40 

55 
12.63 

56 
12.86 

57 
13.09 

58 
13.31 

59 
13.64 

60 
13.77 

Following  clearing  and  grubbing  the  engineer  should  replace 
all  missing  station  stakes,  hubs  and  reference-points,  and,  if 
these  have  not  been  previously  so  located  as  to  be  free  from 
disturbance  by  the  work  of  clearing  and  grubbing,  should  estab- 
Ush  bench  marks  not  more  that  1500  feet  apart  for  use  during 
construction.  One  or  more  such  bench  marks  should  be  es- 
tablished within  easy  reach  of  each  opening  for  a  bridge  or 
culvert.  Check  levels  should  be  nm  over  all  benches  to  insure 
their  required  degree  of  precision. 

While  the  right  of  way  is  being  cleared,  all  valuable  timber 
should  be  piled  near  the  boundary,  and  brushwood  should 
be  burned. 

272.  Drainage  Areas  should  be  run  out  for  the  purpose 
of  using  them  as  a  guide  in  deciding  upon  the  size  of  opening 
to  be  left  for  drain  pipes,  bridges  or  culverts  wherever  this 
is  possible.  For  large  streams  this  is  generally  not  practic- 
able, but  the  area  may  frequently  be  obtained  from  reliable 
maps. 

In  running  out  drainage  areas  it  will  not  be  necessary  to 
foDow  the  windings  of  the  divides  in  too  great  detail.  Long 
shots  which  "give  and  take"  in  such  manner  as  practically  to 
balance  areas  on  each  side  of  same  should  be  used  instead  of 
many  short  lines  in  order  to  minimize  the  labor  of  computations. 
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The  general  surface  slopes  and  the  character  of  the  ground, 
whether  porous  or  imperviouS)  should  be  noted  as  the  work 
progresses. 

In  running  drainage  areas  time  may  be  saved  by  using  the 
stadia  hairs  of  the  transit  for  measuring  distances.  If  the 
transit  has  no  stadia  hairs  the  'Hhirty-four  and  a  half  minute 
method"  may  be  employed.  This  depends  upon  the  fact 
that  the  natural  sine  or  tangent  of  34i  minutes  equals  0.01, 
very  nearly,  and  consequently  this  angle  subtends  a  distance 
at  right  angles  to  the  line  of  sight  oi  1  foot  at  100  feet,  2  feet 
at  200  feet,  etc.  The  rodman  having  selected  a  point  on  the 
divide,  azimuth  and  bearing,  or  simply  the  bearing,  of  the 
line  joining  the  rodman's  position  with  the  transit  is  read  and 
recorded  by  the  instrumentman,  after  which  he  sets  off  34^ 
minutes  on  his  horizontal  plate  and  then  motions  the  rodman 
into  this  new  line.  The  rodman  then  measures  the  distance 
between  the  two  points,  at  right  angles  to  either  line  of  sight, 
to  hundredths  of  a  foot,  or  closer  if  possible,  and  this  offset 
distance,  multiplied  by  100,  gives  the  distance  his  first  point 
is  distant,  in  feet,  from  the  instrument. 

Many  run-off  formulas  have  been  devised,  but  no  one  form- 
ula will  apply  in  all  cases.  The  rate  and  duration  of  the  heaviest 
downpoiurs  are  rarely  known  with  any  degree  of  precision, 
and  frequently  the  character  of  the  surface  is  uncertain.  These, 
together  with  the  area  and  slope,  are  factors  affecting  results. 
As  a  consequence,  the  run-off  computed  by  the  formula  which 
best  fits  existing  conditions  can,  at  best,  serve  only  as  a  guide 
to  aid  the  engineer's  judgment  in  deciding  upon  the  proper 
area  of  water  way  to  allow. 

Generally  it  is  better  to  leave  an  excess  of  waterway,  rather 
than  a  deficiency,  especially  for  small  drains  and  culverts, 
but  excessive  rainfall  at  long  periods  may  make  this  imprac- 
ticable at  a  reasonable  cost.  An  occasional  washout  on  lines 
of  average  traffic  is  often  preferable  to  the  excessive  first  cost 
which  would  have  to  be  incurred  to  prevent  it. 

273.  Formulas  for  tiie  Area  of  Waterway  to  be  Allowed 
are  niunerous,  but  all  contain  some  empirical  constant,  and 
therefore  no  one  is  applicable  to  all  conditions  of  rainfall,  slope, 
character  of  ground  surface,  etc.,  unless  the  constant,  or  con- 
stants, be  definitely  known  for  each  particular  case.  Two  of 
the  simplest  nm-off  formulas  are  given  below:  '^ 
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(1)  Myer's  formula, 

Area  of  waterway  in  sq.  ft.  =  CVdrainage  area  in  acres.       (377) 

(2)  Talbot's  Formula, 

Area  of  waterway  in  sq.  ft.  =Cv^ (drainage  area  in  acres)'.  (378) 

In  Myer's  formula  the  coeflScient  C  may  vary  from  1  for 
flat  coimtry  to  4  for  rocky,  mountainous  country.  .  For  small 
drainage  areas  in  most  localities  this  fcmnula  tends  to  give 
excessive  areas. 

In  Professor  Talbot's  formula  C  is  taken  as  i  or  J,  or  even 
less,  when  the  length  of  the  valley  is  long  in  proportion  to 
its  breadth  in  districts  not  affected  by  accumulated  snow. 
For  rolling  agricultural  country  where  the  valley  is  three  or 
four  times  as  long  as  it  is  broad,  and  where  melting  snow  may 
cause  floods,  C  is  taken  as  about  i.  For  steep  and  rocky  ground 
C  varies  from  f  to  1. 

As  an  example,  suppose  it  is  desired  to  provide  an  opening 
to  carry  the  drainage  from  400  acres.  The  area.  A,  by  Myer's 
formula,  will  be  CX20,  and  by  Talbot's,  CX89.44.  For  the 
minimum  values  of  C  given  above,  these  formulas  would  then 
call  for  20  and  14.9  square  feet  respectively,  while  for  the  max- 
imum values  they  would  call  for  80  and  89.44  square  feet 
respectively.  Evidently  there  is  room  for  wide  variation  in 
judgment  in  assigning  the  value  of  C  to  be  used.  Good  judg- 
ment, an  intimate  knowledge  of  local  conditions  and  careful 
observation  of  flood  discharge,  as  found  from  measurements 
at  high  water,  or  from  the  behavior  of  other  openings  in  the 
vicinity  under  high-water  conditions,  must  be  the  engineer's 
final  guide.  The  writer  has  in  mind  two  railway  systems 
which  built  lines  through  the  same  section  of  country,  one  of 
which  used  a  formula  giving  twice  the  area  given  by  the  formula 
used  by  the  other. 

Excessive  rainfalls,  such  as  occurred  in  the  valley  of  the 
Brazos  River  in  Texas  in  1899,  when  the  precipitation  exceeded 
30  inches  in  sixty  hours,  can  not  ordinarily  be  economically 
provided  for.  Nor  can  such  rainfalls  as  occurred  at  Austin, 
Texas,  in  1915,  when  10  inches  fell  in  twelve  hours.  One  lo- 
caUty  in  southwest  Texas  reported  20.60  inches  of  rainfall  in 
twenty-four  hours  during  the  year  1913.  Adequate  provision 
for  such  downpours  is  manifestly  out  of  the  question.    , 
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274.  Given  the  Elevation  of  Center  Line  of  Roadbed,  the 
Elevation  of  Top  of  Paving  of  .a  Culvert  beneath  Center  of 
Roadway,  and  the  Grade  or  Grades  of  Culvert  Paving,  to  Lo- 
cate the  Intersections  of  Side  Slopes  and  Paving  Grade  Line. 

First  Case. — Grade4ine  of  culvert-hottom  uniform. 

In  Figk  131  let  the  culvert-bottom  have  a  uniform  slope 
S  from  end  to  end.  Let  the  embankment  side  slopes  be  s, 
and  the  center  fill  CK=h.    Let  the  half  width  of  crown  be  b. 

For  the  upstream  end  of  culvert  the  two  slopes  meet  at 
D.  The  fill  at  J"  vertically  beneath  the  edge  of  slope  B  is 
h'==h— b tan i==h-bS.  From  the  triangles  BDH  and  JDH, 
h'=HD  tan  a-{-HD  tan  i,  from  which 

tan  a+tan  i     8-\-S  ' 

h  — f>^ 

and  .'.  distanceof  D  from  center =6H — -r-^.    .    .     (379) 

On  the  downstream  side  the  distance  out  is  found  in  like 
manner  to  be 

d.o.=b+^ (380) 

Second  Case. — Grade-line  of  cidvert-paving  broken. 

In  Fig.  131  let  the  grade-line  from  the  inlet  D  be  uniform 
to  some  point  L,  distant  d  from  center.  The  distance  out  to 
D  is  found  as  before,  but  from  the  geometry  of  the  figure,  the 
distance  out  to  M  is  given  by  the  formula  d.o.=KL-\-LM 

=d+-^^,.    But  QL=h+RL-PQ^h+dS'-{d-b)8. 
.    ^,_.,h+dS-{d-b)s. 

The  distances  out  to  faces  of  end  walls  wiU  depend  upon  the 
height  of  culvert  and  thickness  of  crown  of  arch.  Call  the 
total  height  from  flow  line  to  top  of  crown  of  arch  h";  the 
distance  to  be  subtracted  from  above  distances  out  wiU  then 

be  —r-F,  on  upstream  side  and ^  on  downstream  side. 

8+S  ^  8—S 

The  above  treatment  has  been  inserted  at  the  suggestion 
of  Mr.  CM.  Kurtz,  who  supplied  the  following 

Example. — For  the  dimensions  shown  in  Fig.  131,  the  fol- 
lowing values  are  obtained: 

By  (379),  i/£=9+?5:i=^=35.1  f^,L,,Google 
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By  (381),  for  the  downstream  side  the 

Ao.  of  Af-15  I  ^•^+^^g^^-^X*^50.6  feet. 

The  horizontal  distance  from  upstream  toe  of  slope  D  to 

6  25 
face  of  end  wall  is  ^  !  ,  =8.15  feet;   which  locates  the  face 

i-rns 

of  the  end  wall  at  a  distance  of  35.1-8.15=26.95  feet  out 

from    the    center.     The    face    of    downstream    end  wall    is 

6  25 
^   •  ,^  =12.1  feet  m  from  M,  or  50.6-12.1=38.5  feet  out 

f  ""Tffo 

from  center  of  embankment. 

The  top  width  of  wing  wall  is  2  feet,  and  the  angle  this 
makes  with  the  axis  of  the  culvert  is  30  degrees.  Therefore, 
DEED'S'  (in  plan)  =  D'^"  sin  30*^  =  1 .0  foot,  and  the  dis- 
tance out  from  center  of  curtain  wall  face  is  35.1 +1.0 =36.1  feet. 
The  distance  7^'  in  the  plan  equals  2.0-1-9.15  tan  30**-|-2.0  cos 30** 
=9.01  feet. 

276.  Staking  Out  Openings  for  Trestle  Bridges,  etc. — ^Where 
culverts,  trestles,  or  other  bridges  are  later  to  be  constructed, 
openings  across,  or  through,  the  embankments  must  be  left. 
If  the  opening  is  for  a  culvert  or  drain  which  is  later  to  be 
covered  over,  the  same  slope  from  top  of  bank  (T.B.)  to  foot 
or  toe  of  slope  {F.S.)  as  for  side  slopes  should  be  allowed,  or 
at  least  a  slope  which  makes  an  angle  with  the  horizontal 
equal  to  the  angle  of  repose.  The  planes  of  the  side  slopes 
will  then  intersect  the  inclined  plane  of  the  axial  slope  in  straight 
lines.  On  irregular  ground  the  intersection  of  these  planes 
with  the  ground  surface  will  not  3deld  horizontal  straight  lines, 
and  stakes  must  be  set  to  mark  points  on  the  actual  line  of 
intersection.  The  plus  stations  at  which  these  stakes  are 
set  must  be  recorded  as  well  as  the  height  to  grade-line,  or 
"fiU,"  and  their  distances  out  from  the  center. 

The  volume  of  earthwork  between  top  of  bank  and  foot  of 
slope  will  consist  of  one  wedge  and  two  P3rramids  and  should, 
for  precision,  be  computed  by  the  prismoidal  formula. 

At  the  ends  of  trestle  bridges  it  is  better  to  set  the  foot  of 
slope  stakes  so  as  to  substitute  two  quarter-cones  for  the  two 
pyramids,  as  this  is  approximately  the  form  into  which  the 
pyramids  will  finally  weather.  Every  element  of  the  quarter 
cones  will  have  the  same  slope,  which,  for  earth  fills,  is  usually 
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taken  as  1}  to  1.  A  sufficient  number  of  stakes  must  be  set 
to  mark  the  outline  of  the  intersection  of  the  conical  surface 
with  that  of  the  ground.  The  plus  station  and  distance  out 
from  the  center  for  each  stake  must  be  measured  and  recorded 
for  the  purpose  of  computing  the  conical  volumes. 

At  the  top  of  bank  a  pile  bent  is  driven  and  capped  to  sup- 
port the  ends  of  the  trestle  stringers.  Frequently  heavy 
planking,  3  or  4  inches  thick,  is  spiked  or  bolted  to  the  posts 
of  the  bent  on  the  embankment  side  to  form  a  bulkhead  to 
take  the  thrust  of  the  earth.  In  such  a  case  a  part  or  all  of 
the  wedge  and  quarter  cones  (or  pyramids)  will  be  eliminated 
according  as  the  bulkhead  cuts  off  part  or  all  of  them.  If 
only  a  part  is  cut  off,  sufficient  measurements  must  be  taken 
to  make  it  possible  to  compute  the  actual  quantity  of  earth- 
work placed. 

276.  A  Pile  Bent  consists,  generally,  of  four,  five,  or  six 
piles  driven  in  a  vertical  plane  at  right  angles  to  the  axis  of 
the  road,  and  then  cut  off  at  a  predetermined  height  and  capped 
with  a  heavy  timber,  usually  12X12  inches  in  crossnsection, 
though  two  4  X  12-inch  timbers  let  into  opposite  sides  of  the 
top  of  pile  are  sometimes  substituted.  Stringers,  consisting 
of  at  least  two  heavy  timbers,  are  set  upon  the  caps  nearly 
imder,  but  a  Httle  outside  of  the  axis  of  each  rail.  Solid  caps 
are  usually  held  in  position  on  the  piles  by  drift  hoUs  1  inch 
or  more  in  diameter  and  2  feet  or  more  in  length,  which  are 
driven  into  holes,  sUghtly  smaller  than  the  bolts,  which  holes 
are  bored  through  the  caps  and  into  the  stringers.  Sometimes 
the  tops  of  piles  or  posts  are  cut  to  form  tenons  which  fit  into 
mortises  cut  into  the  soHd  caps.  Again,  the  caps  may  con- 
sist of  two  timbers,  one  on  each  side,  which  rest  on  shoulders 
or  notches  cut  at  the  tops  of  the  piles,  and  having  bolts  passed 
through  both  cap  and  piles  to  bind  them  all  together. 

The  outside  piles  are  usually  driven  with  a  batter  varying 
from  1  to  12  to  about  1  to  4.  Tall  bents  have  the  piles  con- 
nected by  diagonal  sway  bracing,  bolted  to  them,  in  order  to 
prevent  lateral  oscillation.  Very  tall  bents  require  longi- 
tudinal bracing  also. 

277.  Cut-offs  for  Piles  must  be  so  given  by  the  Engineer 
^hat  when  the  piles  have  been  capped  and  the  stringers  and 
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oyerl3dng  cross-ties  placed  in  position  later  on,  the  rails  will 
come  to  the  proper  grade-line.  The  cut-off  marks  consist 
usually  of  nails  or  tacks  driven  into  the  piles  at  a  definite 
distance  below  the  points  at  which  the  piles  are  to  be  sawed 
off.  This  distance  should  contain  no  fractions  of  a  foot,  and 
when  possible  should  be  the  same  for  all  the  bents  of  each 
bridge.  In  any  event  a  foreman  of  the  bridge  gang  must  be 
suppUed  with  a  memorandum  of  the  cut-off  heights. 

For  trestles  located  on  anything  but  a  level  grade  the  rise 
or  fall  between  successive  bents  must  be  carefully  figured, 
and  when  the  trestle  is  on  a  curve  (which  is  very  undesirable) 
the  super-elevation  of  outer  rail  must  be  provided  for  by 
making  the  cut-offs  higher  by  the  proper  amounts  on  the 
outside,  and  lower  on  the  inside  of  center  line,  unless  the  speci- 
fications call  for  the  inner  rail  instead  of  the  center  line  to 
be  laid  to  grade.  Trestles  on  curves  are  to  be  avoided  when- 
ever possible. 

Payments  for  piling  may  be  based  upon  the  niunber  of. 
lineal  feet  below  caps  only,  or  by  one  price  for  such  portion, 
and  a  smaller  price  for  the  portions  cut  off.  In  either  case 
a  Pile  Recorder  must  be  constantly  on  the  ground,  not  only 
to  record  the  lengths  of  each  pile  driven,  but  also  to  see  that 
all  are  driven  in  accordance  with  the  specifications. 

Pile  trestles  are  limited  in  height  by  the  lengths  of  suitable 
piles  available  and  by  the  depths  to  which  they  must  be  driven 
in  order  to  secure  adequate  bearing.  Taller  trestles  must  be 
built  of  framed  bents. 

278.  Staking  Out  Foundations. — For  trestle  bridges  a  stake 
must  be  driven  at  the  point  where  each  pile  is  to  be  driven 
into  the  groimd  at  each  bent.  For  culverts  the  limits  of  the 
fotmdation  excavation  must  be  set  out  by  stakes  at  all  out- 
side angles.  The  plans  for  these  are  usually  worked  out  in 
the  office  and  blue  prints  furnished  the  construction  engineer 
and  the  foreman  of  the  gang  which  is  to  build  the  culvert.  It 
is  desirable  to  have  the  axes  of  all  culverts,  trestle  bents,  bridge 
piers,  etc.,  at  right  angles  to  the  axis  of  the  road,  but  frequently 
this  is  not  possible,  and  the  structure  must  be  built  on  a  skew. 
The  angle  of  skew  must  be  determined  from  conditions  on 
the  groimd  before  the  plans  are  drawn. 

In  locating  foundations,  horizontal  angles  should  be  set  off 
with  a  transit,  and  linear  measurements  should  be  made  with 
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a   steel   tape  which  has  previously   been   compared  with   a 
standard. 

279.  The  Piers  and  Abutments  for  truss  bridges  must  be 
very  accurately  located,  the  spacing  being  done  with  a  steel 
tape  whose  constants  are  known,  and  the  center  and  limits 
being  marked  by  stakes.  On  tangents  the  centers  are  easily 
located  and  referenced,  but  on  exudes  this  is  not  so  easy,  as 
the  center  of  track  cannot  be  taken  as  the  center  of  pier  on 
account  of  the  clearance  necessary  for  trains. 

Bridges  on  curves  should  be  avoided  whenever  possible, 
but  whon  they  cannot  be  avoided  the  centers  of  piers  are  to 
be  placed  at  the  intersection  of  pier-axis  and  "bridge-chord." 


Fio.  132. 


In  Fig.  132  ABC  is  the  center  line  of  track,  AE  and  CF  the 
pier-axes.  At  the  mid-point  of  the  arc  AC  the  tangent  EFy 
parallel  to  AC,  is  drawn;  make  AN=NE  =  CL=LFy  and 
draw  NLf  which  is  the  bridge-chord.  The  points  N  and  L 
are  the  centers  of  the  piers. 

Should  L  or  iV  be  inaccessible,  they  may  be  located  from  a 
point  P  on  some  accessible  portion  of  the  curve.  To  do  this 
take  PQ  perpendicular  to  LA'',  such  that 

PQ=HB-KB=R{yeT8b-iYeT8a);      .    .     (382) 
then  will 

eL=eX+ZL=iJ  (sin  6+sin  a) (383) 

The  manner  of  building  the  piers,  determining  the  nature  of 
the  foundation,  and  erecting  the  bridge  come  properly  within 
the  province  of  the  bridge  engineer  and  require  too  much  space 
to  be  outlined  here.  For  preliminary  estimates  it  will  often 
'^  sufficient  for  the  locating  engineer  to  make  soimdings  with 
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gas-pipe  in  order  to  determine  the  depth  to  a  suitable  founda- 
tion and  the  nature  of  the  overlying  deposits,  the  core  forced 
up  within  the  pipe  serving  for  the  latter  purpose. 

280.  Relation  of  Trestles  to  Embankments. — Low  embank- 
ments involve  less  first  cost  and  smaller  maintenance  charges 
than  low  trestles.  High  embankments  cost  more  to  build 
but  less  for  upkeep  than  high  trestles.  There  is  some  inter- 
mediate height  at  which  the  two  first  costs  are  equal,  but  this 
height  in  each  particular  case  will  depend  upon  market  prices, 
labor,  transportation,  and  a  nmnber  of  local  conditions.  As 
a  rough  average  25  feet  may  be  taken.  This  means  that  for 
heights  less  than  25  feet  embankments  should  be  built,  while 
for  greater  heights  trestles  are  to  be  erected.  Taking  main- 
tenance charges  into  account  also  the  limiting  height  may  be 
40  feet  or  more.  If  materials  for  embankments  are  scarce 
or  diflScult  to  move  the  limiting  height  may  be  less,  but  if  an 
abundance  of  material  is  available  for  embankments  while 
trestle  materials  &re  scarce  or  high-priced,  the  limiting  heights 
may  be  greater.  Trestles  carry  the  hazard  of  fire  in  addi- 
tion to  maintenance  charges.  The  cost  of  embankments  in- 
creases much  more  rapidly  than  the  height,  while  for  trestles 
the  increase  in  cost  is  less  rapid  than  the  height. 

■  There  is  another  limitiag  height,  somewhat  variable  because 
of  local  conditions  and  market  prices,  above  which  steel  viaducts 
or  bridges  should  take  the  place  of  wooden  trestles.  As  a  rough 
average  50  feet  may  be  taken  as  this  limit. 

281.  Filling  in  Trestles. — During  the  earlier  stages  of  rail- 
road building  trestles  were  much  more  freely  used  than  is 
the  practice  now.  Many  roads  have  filled  in  trestles  of  mod- 
erate height,  either  leaving  the  old  timbers  to  decay  or  remov- 
ing them  in  cases  where  the  value  of  the  timber  salvaged  exceeds 
the  cost  of  withdrawal.  Sometimes  Ught,  temporary  trestles 
are  built  and  the  embankment  constructed  from  these  by  the 
use  of  dump  cars  which  are  loaded  by  means  of  a  steam  shovel 
at  some  point  on  the  road  which  does  not  involve  excessive 
train  haul.  A  comparatively  small  culvert  may  often  be  sub- 
stituted for  a  long,  expensive  trestle.  In  no  case,  however, 
should  the  area  of  waterway  be  so  greatly  reduced  as  to  endanger 
the  roadbed  or  to  hold  back  flood  waters  to  such  an  extent 
as  to  invite  damage  claims  and  suits  by  property  owners  above. 
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Court  awards  for  damages,  especially  where  juries  fix  the  amounts, 
are  more  easily  obtained  against  corporations  than  against 
individuals,  sometimes  requiring  scarcely  the  shadow  of  a  proof. 

282.  Tunnels  are  employed  instead  of  open  cuts  where  open 
excavation  involves  excessive  cost,  or  to  avoid  steep  grades, 
undue  rise  and  fall,  very  high  summits  or  too  great  length  of 
line.  They  are  objectionable  in  that  they  increase  the  time 
required  for  construction  and  also  the  cost.  They  are  lacking 
in  natural  ventilation  and  light.  Wherever  possible  they 
should  be  constructed  on  a  tangent  throughout,  but  not  in- 
frequently this  is  impossible  and  curves  must  be  introduced. 
Usually  these  curves  are  at  the  tunnel  ends. 

The  aUgnment  of  a  tunnel  is  based  upon  carefully  made 
precise  surface  surveys.  A  permanent  station  in  the  vertical 
plane  of  the  timnel  axis,  or  at  two  or  more  such  points  if  there 
is  more  than  one  simimit  in  the  divide  through  which  the 
tunnel  is  driven,  are  established,  and  from  this  (or  these) 
other  points  are  set,  in  the  vertical  plane  in  which  the  axis 
of  the  tunnel  tangent  lies,  beyond  the  ends  of  the  tunnel,  to 
serve  as  permanent  backsights  for  use  during  construction. 
Triangulation  may  have  to  be  resorted  to  in  locating  per- 
manent points  of  reference,  such  as  those  mentioned  above, 
and  enough  of  these  should  be  set  to  quickly  locate  the 
tunnel  axis  at  any  point  from  which  construction  may  be  car- 
ried on. 

The  angular  measurements  should  be  made  with  a  precise 
transit  in  the  best  possible  adjustment,  and  many  repetitions 
and  reversals  should  be  made  in  order  to  eliminate  all  appre- 
ciable errors.  A  striding  level  on  the  horizontal  axis  of  the 
telescope  is  desirable  as  aiding  in  keeping  the  plane  of  sight 
vertical  when  marking  points  on  stations  which  are  higher  or 
lower  than  the  instrument. 

Linear  measurements  should  be  made  with  a  standardized 
steel  tape,  and  corrections  made  for  temperature,  pull,  slope, 
sag,  etc.  Plumb  lines  should  be  used  for  sighting  instead  of 
rods,  though  a  rod  made  of  a  lX3|-inch,  steel-shod  strip  of 
wood  which  has  a  straight,  sharp  line  marked  on  it  from  end 
to  end  of  the  flat  side  may  be  used.  An  attached  rod-level 
enables  the  rodman  to  hold  the  rod  in  a  vertical  position  if 
the  rod-level  is  set  truly  at  right  angles  to  the  hne  on  the  face 
>f  the  rod.     The  best  work,  can  be  done  on  cloudy  days  or 


CONSTRUCTION.  269 

in  the  early  momingB,  or  sometimes  at  night,  in  which  latt^ 
case  plimmiet  lamps  should  be  used  or  the  plumb  line  should 
be  illuminated.  Inside  the  tunnel  plunmiet  lamps  are  sus- 
pended from  plugs  let  into  the  roof,  or  from  hooks  driven 
into  the  timbering. 

Particular  care  must  be  exercised  in  giving  points  on  curves 
in  tunnels,  in  order  to  secure  predse  aUgnment  of  the  tunnel 
tangent,  for  the  work  usually  proceeds  from  both  ends  and 
a  fit  must  be  made  where  the  headings  meet.  Every  possible 
check  on  angles  and  distances  should  be  taken.  Center  stakes 
should  not  set  more  than  50  feet  apart,  and  preferably  less. 
Short  tangents  whose  intersection  Ues  within  the  tunnel  should 
be  run  to  the  P,I.  and  their  lengths  measured.  Also  the  long 
chord,  mid-ordinate,  and  external  as  checks.  Too  many  check 
measurements  can  not  be  had. 

To  keep  tunnels  free  from  ground-  or  seep-water,  longitudinal 
drainage  must  be  provided.  This  may  be  either  by  means  of 
q)en  conduits  or  covered  pipes.  Since  construction  proceeds 
from  both  ends,  there  must  either  be  a  sununit  within  a  tunnel 
or  the  groimd-water  must  be  kept  down  by  means  of  pumps. 
The  least  allowable  slope  for  drainage  should  be  not  less  thim 
0.1  foot  in  100  feet. 

283.  Tunnel  Cross-sections  vary  greatly  in  different  tunnels 
and  may  even  vary  in  different  portions  of  the  same  tunnel 
in  cases  where  the  material  penetrated  varies  in  character. 
If  this  material  is  solid  rock  no  lining  may  be  needed  and  the 
sides  may  be  vertical,  the  bottom  nearly  flat,  and  the  top 
an  oval.  In  soft  material  the  cross-section  may  have  to  be 
vertical  or  nearly  so,  and  top,  bottom,  and  sides  lined  with 
masonry.  For  single  track  tunnels  on  tang^it  the  clear  width 
should  be  15,  and  preferably  16,  feet,  and  the  top  is  generally 
finished  with  a  semi-circular  arch.  On  curves  the  tunnel 
width  must  be  increased  and  the  track  set  off  center  so  as 
to  give  the  same  clearance  as  on  tangents.  For  double  track 
tunnels  the  clear  width  should  be  15  (and  preferably  16)  feet, 
feet,  plus  the  distance  between  track  centers.  The  clear  height 
above  top  of  tie  for  double-  as  well  as  single-track  tunnels 
should  be  22.5  feet.  The  arch  for  double-track  timnels  is 
generally  a  three-centered  oval,  the  radii,  depending  upon 
the  distance  between  centers  of  tracks.  If  they  are  to  be 
lined,  tunnels  require  the  removal  of  additional  material  to 
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make  room  for  the  lining,  which  is  now  generally  of  concrete, 
but  which  may  be  of  hard-bumed  brick. 

Measurements  from  which  to  determine  the  quantity  of 
material  removed  are  best  made  radially  from  a  line  in  the 
vertical  plane  of  the  axis  at  a  imiform  distance  above  the 
grade-line.  The  angles  which  the  radial  measuring  lines  make 
with  the  vertical  are  determined  by  some  species  of  protractor, 
and  distances  out  along  the  radial  lines  by  means  of  a  sliding 
rod  attached  to  the  protractor.  By  plotting  these  measure- 
ments to  scale  on  cross-section  paper  the  area  at  each  station, 
and  sub-station,  can  be  found  by  means  of  a  planimeter,  or 
by  coimting  the  nmnber  of  squares  included  within  the  irreg- 
ular cmve  which  forms  the  perimeter.  Cross-sections  should 
be  taken  at  short  intervals,  say  20  or  25  feet  along  the  axis. 
More  care  is  necessary  in  determining  the  volume  in  tunnels 
than  is  the  case  for  ordinary  earthworic,  because  the  unit  cost 
of  moving  such  material  is  much  greater  in  the  case  of  tunnels. 

Sometimes,  though  rarely,  the  tunnel  lining  is  made  ci 
timber  where  this  is  inexpensive.  Either  concrete  or  high-grade 
brick  masonry  is  generally  used,  the  top  being  in  the  form  of 
an  arch.  In  crowded  cities,  where  the  head  room  is  limited, 
the  roof  may  be  flat,  being  supported  by  steel  beams. 

284.  Shafts  are  frequently  Used  to  facilitate  construction 
by  offering  two  additional  working  faces  for  each  shaft,  fix 
the  headings  are  driven  both  ways  from  the  bottom.  The  form 
most  frequently  used  is  rectangular,  with  the  longer  side  par- 
allel to  the  tunnel  axis.  For  aligning  the  headings  points 
are  carefully  located  in  the  vertical  plane  of  the  tunnel  axis, 
one  at  each  side  of  the  shaft,  and  these  points  are  transferred 
to  the  bottom  of  the  shaft  by  lines  having  heavy  plimab  bobs, 
swimg  in  water,  at  their  lower  ends.  From  a  carefully  deter- 
mined elevation  at  the  surface,  steel-tape  measurements  fix 
the  proper  grade  of  the  bottom  of  the  shaft. 

286.  Ventilation  of  Tunnels  is  generally  secured  by  the 
passage  of  trains,  though  artificial  methods  may  be  employed. 
Shafts  used  during  construction  have  been  tried  as  ventilators 
afterwards,  but  with  small  success.  They  are  most  generally 
closed  after  having  served  their  purpose  during  construction. 
Artificial  ventilation  is  necessary  while  construction  work  is 
in  progress,  especially  if  much  blasting  is  necessary.    Drills 
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operated  by  compressed  air  serve  the  double  purpose  of  oper- 
ating the  drills  and  supplying  fresh  air.  The  exfiansion  of 
the  liberated  air  has  also  a  coolmg  effect. 

286.  Tunnel  Portals.— There  is  generally  more  or  less  open 
cutting  at  tiumd  ends,  and  as  the  overlying  material  at  en- 
trance and  exit  has  httle  or  no  self-supporting  power,  because 
of  limited  thickness,  special  treatment  is  necessary,  both  to 
prevent  overlying  material  from  sUpping  into  the  cuts,  and 


Fio.  133. 


for  the  sake  of  appearances.  From  the  arch  and  side  walls 
a  face  wall  is  built  out  to  the  sides  of  the  cut  and  this  wall 
is  carried  up  a  short  distance  above  the  outside  of  the  arch 
crown.  This  wall  may  be  backed  by  layers  of  loose  stones, 
carefully  laid  without  mortar,  and  it  should  have  a  batter  of 
not  less  than  1  inch  per  foot,  and  preferably  2  inches  per  foot. 

Above  the  face  wall  the  inclined  surface  of  the  material 
overlying  the  tunnel,  and  the  planes  of  the  side  slopes  of  cut 
should  be  joined  by  a  cone-shaped  surface  having  its  axis 
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vertical.  If  the  face  of  the  excavation  can  be  made  vertical, 
the  quarter  cone  will  be  as  shown  on  the  left  of  the  entrance 
in  Fig.  133.  If  battered,  it  will  be  as  shown  on  the  right. 
Owing  to  the  irregular  lines  along  which  rock  usually  breaks 
this  surface  will  not  be  truly  conical.  The  field  measurements 
on  these  "quarter  cones''  (of  which  there  are  two  to  each 
portal)  are  referred  to  the  vertex  of  the  cone  as  origin  and  its 
axis  as  the  axis  of  y;  lines  measured  at  right  angles  to  the 
2/-axis  out  to  the  actual  surface  constitute  values  of  x,  while 
the  plane  in  which  any  particular  set  of  x's  he  is  referred  to 
a  pl£Cne  through  the  y-suda  and  parallel  to  the  tunnel  axis, 
the  angle  between  them  being  measured  in  the  field.  A  con- 
venient value  of  the  angle  between  successive  xy  planes  is  15**. 

In  Fig.  133,  AB  is  the  axis  of  cone,  BC  a  line  parallel  to 
timnel  axis,  and  BD  a  line  at  right  angles  thereto.  The  notation 
of  the  figure  indicates  how  measurements  are  made  in  the 
90°  plane.  Similar  measurements  would  be  made  in  the  75**, 
60°,  etc.,  planes.  The  areas  in  each  plane  are  readily  com- 
puted from  the  x  and  y  coordinates. 

The  cubic  contents  of  the  quarter  cones  may  be  found  by 
one  of  the  following  methods,*  of  which  the  second  gives  more 
precise  results: 

First  Method. — By  Average  Sections.  Applicable  where  the 
several  sections  as  measured  are  not  very  irregular. 

Let  y=  volume  of  quarter  cone  in  cubic  yards;   iJ= radius 

of  the  cone  which  will  be  generated  by  revolving  the  average 

section  about  the  vertical  axis;    A  =  area  of  average  section; 

2A 
H = height  of  cone.    Then,  since  R = -jj, 

To  find  the  area  of  the  average  section  A  add  together  the 
half  areas  of  the  90°  and  0°  sections,  and  the  full  areas  of 
intermediate  sections,  and  divide  this  sum  by  one  less  than 
the  number  of  sections. 

Example. — Let  the  dihedral  angle  between  sections  be  15** 
and  let  the  areas  of  successive  sections,  beginning  with  the 

""  Digitized  bvCioogle 

*  Treatment  and  example  furnished  by  Mr.  C.  M.  Eurti. 
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90°  section  and  ending  with  the  0°  section,  be  as  given  in  the 
equation  below,  the  area  of  the  average  section  will  be, 

,     \  X204.34  +340.48  +402.17  +462.13  +419.41  +476.00  +i  X594.70 
A g 

=416.628  square  feet. 

For  this  case  the  height  of  the  cone  is  31.9  feet,  and,  therefore^ 
by  (384),  7=0.0388^^^3^^^^^'  =211.1  cubic  yards. 

Second  Method. — By  Centers  of  Gravity  of  Sections, 

Let  F=volume  between  two  adjacent  sections  and  let  there 

be  n  such  volumes  in  each  quarter  cone.    The  dihedral  angle 

90° 
between  sections  will  therefore  be  — .    Let  Ai  and  A2  be  the 

n 

areas  of  two  successive  sections.  Let  Ri  and  ife  be  the  radii 
of  arcs  described  by  the  centers  of  gravity  when  the  sections 
are  rotated  about  the  axis  of  the  cone  through  the  angle  be- 
tween successive  sections.  Then  the  volume  between  the  two 
sections  will  be,  by  taking  the  mean  of  the  areas  and  the  mean 
of  the  radii  and  applying  Guldin's  rule,  that  the  volume  gen- 
erated by  a  moving  area  equals  that  area  multipUed  by  the 
length  of  the  path  through  which  its  center  of  gravity  is  moved, 

and  remembering  that  1°  equals  r^  in  circular  measure,  as 

below: 

If  n=6,  or  the  angle  between  successive  sections  is  15®,  the 
above  formula  reduces  to 

V=^-^(Ri-\-R2){A,+A2)  cu.  ii,=^^(R,-^R,XAi+A2) 

=0.002424(/Ei+i22)(Ai+A2)  cu.  yds.    .    .    .    (385) 

The  centers  of  gravity  of  sections  may  be  found  by  dividing 
the  sections  into  triangles  and  trapezoids,  or  each  trapezoid 
may  be  subdivided  into  a  rectangle  and  a  triangle,  and  then 
taking  moments  about  the  vertical  axis  of  the  quarter  cone. 
The  sum  of  the  moments  divided  by  the  sum  of  the  areas 
will  give  the  radius  of  the  section. 

Example. — For  a  certain  quarter  cone  the  sum  of  the  small 
areas  for  ^e  section  at  90°  is  427.23  and  the  sum  of  the  moments 
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is  3849.46,  and  the  corresponding  quantities  for  the  section 
at  75**  are  383.26  and  3544.04  respectively.    Then  will  i?i  = 

^=9.01,   and  ft=3^=9.247.    Therefore  R+ft  = 

18.257  and  Ai+A2= 810.49,  which  in  (385)  gives 

7=0.002424X18.257X810.49=35.86  cubic  yards. 

Ri  and  R2  might  have  been  found  approximately  by  plotting 
the  sections  on  cardboard  of  uniform  thickness  and  weight, 
then  cutting  out  the  resulting  irregular  figure  and  balancing 
on  a  knife-€dge  parallel  to  the  axis  of  the  quarter  cone,  or  by 
suspending  from  two  different  points  and  drawing  lines  along 
the  extensions  of  the  suspending  lines,  the  intersection  of  these 
lines  marking  the  center  of  gravity.  The  determination  by 
moments  is  preferable. 

Article  23.    Finishing  Earthwork.    Track  Laying. 

287.  Center  Stakes  are  set  after  excavations  and  embank- 
ments have  been  brought  approximately  to  the  levels  called 
for  by  the  cross-section  stakes.  New  hubs  are  set  in  the  same 
vertical  lines  as  the  original  hubs  which  were  placed  during 
location,  these  verticals  being  recovered  by  finding  the  inter- 
sections of  the  vertical  planes  through  two  or  more  sets  of 
reference  points.  To  do  this  the  transit  is  set  up  over  one 
of  the  hubs  in  one  of  the  reference  lines  and  the  transit  oriented 
by  sighting  another  reference  point  of  this  set.  This  line 
is  prolonged  and  two  temporary  hubs  set  a  few  feet  apart, 
with  the  axis  of  the  road  between  them.  The  transit  is  then 
moved  to  a  hub  on  another  of  the  reference  lines  and  the  process 
repeated.  The  intersection  of  two  cords  stretched  between 
the  tacks  of  the  pairs  of  temporary  reference  hubs  fixes  the 
location  of  the  center  line  hub,  which  should  be  permanently 
set.  To  avoid  setting  the  second  set  of  temporary  hubs  the 
transit  rod  may  be  moved  along  a  cord  stretched  between  the 
tacks  of  the  first  pair  until  it  is  cut  by  the  line  of  sight  when 
the  transit  is  in  its  second  position.  A  permanent  hub  is 
established  at  this  intersection. 

With  the  transit  set  over  one  of  the  recovered  center  line 
hubs,  a  pointing  is  made  to  the  next  one  and  intermediate 
center  stakes  are  set  opposite  the  stations  cross-sectioned. 
On  curves  the  center  line  is  re-run  just  as  in  location,  except 
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that  the  stakes  may  be  set  closer  together,  say  50  or  25  feet 
apart.    All  distances  should  be  carefully  rechamed. 

On  long  tangents  it  may  happen  that  intermediate  hubs  do 
not  all  he  in  the  same  vertical  plane  as  the  line  joining  the 
terminal  hubs,  so  that,  if  the  hub^  were  joined  with  each  other 
in  succession  the  resulting  line  would  contain  one  or  more 
"swings."  K  these  swings  are  small  and  tend  to  balance 
each  other,  it  may  be  possible  to  adjust  the  final  line  so  as 
to  join  the  terininal  hubs  with  a  straight  line  on  which  the 
finishing  work  is  done.  If  a  swing  is  large  it  should  be  carried 
forward  to  the  nearest  summit  and  a  small  angle  introduced 
there.  This  in  order  to  eliminate  the  imsightly  appearance 
resulting  from  badly  aligned  track.  If  placed  at  the  bottom 
of  two  adjacent  grades,  the  swing  will  still  be  apparent  to  one 
riding  on  the  rear  platform  of  a  train.  Minor  errors  of  loca- 
tion on  curves  may  be  corrected  by  slightly  changing  the  de- 
gree of  curve  as  run  for  finishing  purposes,  or  when  giving 
track  centers.  Swings  on  tangents  may  be  hidden  at  sum- 
mits when  setting  track  centers  if  this  has  not  previously  been 
done. 

To  insure  full  width  of  finished  roadbed,  stakes  should  be 
set  at  the  half-width  of  roadbed  out  from  the  center  stakes 
on  lines  at  right  angles  to  the  center  line  of  roadbed. 

288.  Grade  Stakes  are  set  beside  the  center  stakes,  the  tops 
(A  the  grade  stakes  being  brought  to  the  proper  elevation  for 
the  finished  roadbed.  In  fills  allowance  should  be  made 
for  shrinkage  unless  the  specifications  provide  for  its  omission. 
There  is  a  difference  of  practice  in  this  respect.  Some  spec- 
ifications require  the  grade  stakes  to  cover  this  allowance  by 
having  the  proper  amount  added  to  the  profile  grade  heights 
in  embankments,  with  the  finished  top  at  the  full  width  of 
roadbed.  Others  require  no  allowance  to  be  covered  by  the 
grade  stakes,  the  gradual  shrinkage  being  cared  for  by  periodical 
additions  of  earth  or  ballast  brought  in  by  train.  In  this  case 
the  width  of  crown  required  when  finishing  is  done  must  be 
increased  as  the  height  of  embankment  increases. 

ExAMPiiE. — Suppose  a  20-foot  fill  to  be  required  at  a  certain 
station  where  the  material  is  expected  to  shrink  8%  vertically. 
The  first  method  would  require  the  top  of  grade  stake  to  be 
set  1.6  feet  higher  than  the  established  sub-grade,  or  21.6 
feet  above  the  original  ground-surface.    If  the  final  crown  widtii 
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is  to  be  18  feet,  the  grade  stakes  at  sides  of  embankment  would 
be  set  9  feet  out  each  way  from  center.  The  second  method 
would  require  the  top  of  stake  to  be  driven  to  sub-grade,  or 
20  feet  above  the  origuial  ground-surface,  but  the  side  grade 
stakes  would,  howeVer,  be  set  at  a  distance  out  of  9.0+1.6X1^ 
=  11.4  feet  out  on  each  side,  supposing  the  final  dde  slopes  to 
beljtol. 

On  tangents  grade  stakes  at  the  center  only  will  generally 
suffice,  but  on  curves  they  should  be  set  beside  the  top  side 
stakes  also,  or  the  side  stakes  should  be  driven  until  their 
tops  are  brought  to  the  required  elevation.  This  is  to  insure 
the  plane  of  the  roadbed  having  the  slope  necessary  to  secure 
the  proper  super-elevation  of  outer  rail.  Section  228  explains 
the  method  of  finding  the  plus  or  minus  addition  to  the  ele- 
vation of  top  of  center  grade  stake. 

A  second  set  of  grades  are  run  as  a  check  after  the  earth- 
work has  been  brought  to  the  tops  of  the  grade  stakes  set  in 
the  manner  described  above,  lest  any  of  these  stakes  should 
have  been  disturbed.  Both  top  and  side  slopes  must  be  brought 
to  smooth,  neat  plane  surfaces  before  the  work  is  ready  for 
acceptance.  Sometimes  unnecessary  precision. is  required  in 
the  matter  of  finishing,  entailing  relatively  heavy  expense  when 
the  work  is  done  with  a  shovel.  A  steel-bladed  road-grader 
having  the  scraping  blade  set  at  right  angles  to  the  direction 
of  travel  gives  satisfactory  results  for  the  top  surface  if  manip- 
ulated by  a  skillful  operator,  who  is  directed  by  another 
man  walking  a  short  distance  behind  the  grader.  The  side 
slopes  are  usually  finished  by  hand,  but  a  suitable  drag,  or 
special  hand-guided  scraper,  drawn  by  mules,  may  be  made  to 


289.  Sodding. — The  side  slopes,  of  embankments  especially, 
should  be  sodded  to  prevent  erosion,  particularly  while  the 
fill  is  green.  It  will  pay  to  also  sod  the  side  slopes  in  excavar 
tion,  but  usually  this  necessitates  spreading  a  layer  of  rich 
surface  soil  on  the  face  of  the  cut,  whereas  this  is  not  so  fre- 
quently required  on  embankments,  especially  if  care  is  exer- 
cised in  placing  the  material  in  embankments  in  such  manner 
as  to  bring  the  origmal  surface  material  to  the  sides  as  the  filling 
progresses.  In  localities  where  the  seasons  are  favorable,  a 
suitable  sod  may  be  secured  by  planting  the  slopes  with  grass 
seed  of  such  varieties  as  thrive  in  those  particular  localities. 
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Sometimes  chunks  of  surface  sod  must  be  set  at  intervals  well 
down  in  the  slope  surface  so  that  the  grass  roots  may  take 
hold  readily.  Spreading  takes  place  by  means  of  runners  sent 
X)ut  by  the  bunches  of  sod  so  planted.  In  the  warmer  portions 
of  the  United  States,  Bermuda  grass  forms  an  excellent  tough 
sod  if  there  is  sufficient  rainfall  to  make  it  grow  thriftily.  It 
is  better  to  plant  bunches  of  the  sod  2  or  3  feet  apart  than  to 
streak  off  furrows  and  strew  the  grass  roots,  from  which  the 
earth  has  been  shaken,  in  them,  as  is  so  generally  done  on 
levee  construction. 

Unfortunately  sodding  is  not  generally  done,  because  of  the 
added  cost  of  construction.  The  saving  in  maintenance  will, 
however,  generally  offset  the  cost  of  planting  many  times 
over. 

Because  the  angles  formed  by  the  intersection  of  two  sur- 
faces at  top  and  bottom  of  earth  side  slopes  soon  weather  into 
rounded  forms,  the  obvious  thing  to  do  is  to  round  these  off 
during  construction  before  sodding.  This  has  not  been  done 
as  generally  as  should  be  the  case.  At  the  upper  sides  of 
slopes  the  rounding  takes  place  by  erosion  and  at  the  lower 
sides  by  deposition.  In  cuts  the  removal  of  the  material 
washed  in  by  heavy  rains  is  frequently  an  item  of  consider- 
able expense.  Sodding  the  side  slopes  will  materially  reduce 
this. 

290.  Track  Centers  and  Grade  Stakes  must  be  given  in 
advance  of  the  actual  laying  of  the  track.  The  centers  consist 
of  nails  or  tacks  driven  into  the  tops  of  stout  stakes,  say  2X2 
inches  in  cross-section,  located  every  100  or  200  feet  apart 
on  tangents  and  preferably  only  50  feet  apart  on  curves.  The 
tops  of  the  center  stakes  may  be  brought  to  the  grade  of  the 
top  of  rail  and  so  made  to  serve  as  finishing  grade  stakes,  but 
it  is  better  to  set  grade  stakes  at  one  side  of  track,  the  tops 
of  these  stakes  to  be  at  the  elevation  of  top  of  rail.  If  the 
roadbed  is  not  ballasted  until  after  the  rails  have  been  laid 
on  the  sub-grade,  grade  stakes  need  not  be  given  until  just  before 
the  ballast  is  to  be  appHed.  It  is  better  for  the  final  alignment 
of  the  rails  to  have  the  ballasting  done  first,  but  it  is  cheaper 
to  haul  this  in  by  train  after  the  track  has  been  laid,  the  ballajst 
being  worked  in  under  the  ties,  which  must  be  blocked  up  for 
the  purpose.  d^.^^,  by  Google 

If  "swings"  have  not  been  hidden  at  siummts  when  the 
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finishing  centers  were  given  this  must  be  done  when  the  track 
centers  are  set. 

Track  laying  usually  costs  from  $500  to  $600  per  mile,  de- 
pending largely  upon  the  weight  of  steel  used. 

Article  24.    Monthly  and  Final  Estimates. 

291.  Monthly  Estimates  are  made  by  the  engineers  in  charge 
of  construction  about  the  end  of  each  month,  and  upon  these 
the  division  engineer  bases  his  estimate,  which  he  forwards 
to  the  chief  engineer  for  approval.  The  contractor  receives 
his  compensation  some  days  later,  usually  about  the  15th  or 
20th  of  the  month  following.  Monthly  estimates  should  al- 
ways be  based  on  actual  measurements  and  never  guessed  at, 
particularly  if  several  classifications  are  to  be  made.  The  total 
quantity  of  work  done  or  material  delivered  is  to  be  estimated, 
then  the  difference  between  any  estimate  and  the  last  preceding 
one  will  be  the  estimate  upon  which  the  contractor  receives 
his  installments. 

292.  For  Earthwork,  measurements  (when  needed)  are  only 
approximate,  but  it  is  best  to  make  them  with  level  and  tape 
even  for  monthly  estimates.  It  will  be  sufficient  to  compute 
volumes  by  averaging  end  areas,  no  attention  being  paid  to  the 
prismoidal  correction.  Care  must  be  taken,  however,  that  such 
estimates  are  not  in  excess— iu  fact,  it  is  well  to  keep  slightly 
within  the  actual  quantities  on  account  of  the  greater  cost  and  labor 
required  to  finish  the  work,  which  would  make  the  latter  part 
appear  so  much  less  profitable  to  the  contractor  as  sometimes  to 

hiduce  a  disposition  to  abandon  the  work  before  completion. 

« 

293.  The  Classification  of  Earthwork. — It  is  customary  to 
group  earthwork  in  excavation,  according  to  the  difficulty  of 
removal,  into  three  classes— earth-excavation,  loose  rock,  and 
solid  rock — though  other  classifications  are  frequently  made. 

Earth-excavation  includes  all  earth,  sand,  loam,  and  loose 
stones  that  can  be  moved  with  the  plow  and  scraper. 

Loose  rock  includes  all  stones  and  detached  boulders  less  than 
from  1  to  3  cubic  yards  in  size,  and  all  slate,  shale,  or  cemented 
gravel  requiring  the  use  of  the  pick  and  bar,  but  which  may  be 
removed  without  blasting. 
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8oUd  rock  includes  all  boulders  above  a  certain  size  (usually 
from  1  to  8  cubic  yards,  as  specified)  and  all  rock  masses  that 
cannot  be  removed  without  blasting. 

The  relative  prices  vary,  but  a  ratio  of  1:8:7  will  not  be  far 
from  an  average  for  the  more  common  conditions  arising  in  rail- 
road work. 

The  necessity  for  a  correct  classification  is  evident,  and  the 
engineer  should  keep  full  notes,  and  make  careful  measurements 
whenever  a  given  volume  involves  more  than  one  class  of  earth- 
work. It  is  customaiy  to  specify  that  his  decision  is  final/  and 
therefore  his  measurements  should  be  carefully  made  during  the 
progress  of  the  work,  and  notes  on  the  nature  of  material  taken 
at  the  same  time. 

A  note-book  should  be  kept  showing  the  measuremoits  and 
amounts  of  each  class  of  material  for  each  station,  together  with 
the  date  of  completi(m  and  acceptance. 

294.  A  PrograM  Profile  should  accompany  the  monthly  esti- 
mate to  exhibit  graphically  the  amount  of  work  done  during  the 
month,  different  colors  being  used  for  the  different  months.  The 
final  profile  should  show  approximately  the  progress  of  the  work. 
The  colors  may  be  laid  on  with  a  brush,  or  hatchings  made  with  a 
pen;  in  neither  case  should  the  color  obscure  the  lines  of  the  pro- 
file-paper. A  duplicate  progress  profile  should  be  retained  in  the 
resident  engineer's  ofllce;  if  transparent  profile-paper  is  employed, 
one' may  be  simply  traced  through  from  the  other,  A  further 
advantage  of  the  transparent  paper  is  that  blue-prints  of  any  por- 
tion of  the  profile  may  be  readily  made  wnen  duplicates  are 
desired,  provided  the  drawings  are  in  black  or  any  color  admit- 
ting blue  printing. 

296.  Masonry  is  to  be  measured  in  cubic  yards,  and  any 
material  on  hand,  but  not  in  place,  is  to  be  measured  and  esti- 
mated. The  classification  of  masonry  must  be  according  to 
specifications.  Foundation-pits  for  piers  or  culverts  must  be 
measured  as  soon  as  completed,  and  before  thQ  masonry  has  been 
put  in  place. 

296.  Bridges   must  be  estimated  by  measurement,   or  by 

checking  up  material  in  place  and  that  on  hand  but  not  in  place. 

For  trestle  bridges,  or  foundations  requiring  piling,  the  actual 
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number  of  linear  feet  below  cap  must  be  measured;  this  neces- 
sitates the  constant  supervision  of  the  engineer  or  an  assistant, 
sometimes  known  as  a  "pile-recorder,"  whose  duty  it  is  to  sec 
that  all  piles  come  up  to  specifications  and  are  driven  in  accord- 
ance therewith. 

All  framing-timber  in  place,  or  delivered  but  not  in  place,  is 
to  be  included  in  the  estimate,  the  amount  being  obtained  by- 
measurement. 

Steel  spans  or  trestles  are  to  be  estimated,  in  the  same  manner 
as  wooden  trestles,  by  checking  up  or  measuring  the  material  on 
hand  and  in  place. 

297.  Track  Material  must  be  checked  up  either  by  the ' '  mate- 
rial clerk  "  or  the  engineer  in  charge  of  track.  Ballasting  prop- 
erly  belongs  with  the  graduation ,  but  may  be  put  in  place  after 
the  rails  have  been  laid;  in  either  case  it  is  estimated  in  accord- 
ance with  the  specifications. 

For  preliminary  and  monthly  estimates  it  will  be  sufficient  to 

estimate  trnck  material  by  means  of  tables  showing  the  number 
of  cross -ties  for  a  given  spacing  and  the  weight  of  steel  for  a 
given  rail  section,  but  before  the  final  estimate  is  made  all  mate- 
rial must  be  measured  or  counted. 

298.  Blank  Estimate-sheets  are  sent  out  from  the  chief  engi- 
neer's  office  to  be  filled  out  by  the  engineers  making  estimate, 
who  should  retain  a  copy  of  each  estimate  rendered.  On  these 
sheets  should  appear  the  total  quantity  estimated,  the  amount  of 
the'last  preceding  estimate,  and  the  estimate  for  the  month,  which 
will  be  the  difference  of  the  other  two. 

The  resident  engineer's  estimate  must  show  not  only  the  quan« 
tity  of  material,  but  its  value  in  'dollars  and  cents  computed  from 
the  contract  price.  The  footings  of  the  several  columns  then 
serve  as  a  check  upon  each  other. 

299.  The  Monthly  Payments  are  not  made  for  the  full 
amount  estimated,  but  from  10  to  20  per  cent  is  retained  until 
after  the  final  estimate  has  been  made,  in  order  to  insure  the 
completion  of  the  work  by  the  contractor,  and  to  be  used  as  a 
fund  from  which  to  withhold  the  amount  of  damages  provided  in 
the  contract  for  failure  to  comply  with  all  its  provisions. 
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300.  ESztras  incident  to  minor  changes,  or  to  the  protection  or 
drainage  of  the  work,  are  usually  shown  on  the  final  estimate,  but 
a  better  way  would  be  to  require  the  contractor  to  present  his  bill 
for  extras  at  the  end  of  each  month,  and  to  incorporate  them  in 
the  monthly  estimate  when  they  are  just.  The  engineer  should 
take  measurements  upon  any  extra  work  at  the  time  of  its  com- 
pletion, and  should  keep  a  record  thereof.  If  the  extras  are  of  a 
nature  not  admitting  of  measurement,  he  should  note  the  com- 
pensation to  be  allowed  at  the  time  the  extra  work  is  done. 

301.  The  Final  Estimate  must  include  all  earthwork  moved, 
all  material  in  bridges,  all  masonry  in  foundations,  culverts,  piers, 
and  tunnels,  and  all  other  material  supplied  or  work  done  in 
compliance  with  the  contract.  The  engineer  should  keep  his 
notes  full  and  complete  during  the  construction  of  the  work,  in 
order  to  be  able  to  meet  the  contractor's  claims  for  extras  or  com- 
plaints as  to  classification.  Any  items  that  may  have  been  over 
looked  in  making  up  the  monthly  estimates  must  be  includeo 
here. 

302.  Acceptance. — Until  the  engineer  has  pronounced  the 
work  satisfactory  and  formally  accepted  it  the  contractor  is 
liable  for  its  condition,  and  must  make  good  all  damage  caused 
by  accident  or  storm.  The  road-bed  and  track  may  be  accepted 
without  special  test;  but  all  spans  should  be  subjected  to  a  speci- 
fied test-load,  under  which  they  must  show  not  more  than  a  cer- 
tain maximum  deflection,  so  their  acceptance  will  come  last. 

Sometimes  the  contract  requires  a  particular  structure  or  class 
of  structures  to  be  maintained  in  good  order  for  a  certain  length 
of  time  after  completion,  and  a  percentage  is  retained  to  cover 
the  case. 

After  final  acceptance  the  work  is  paid  for  in  accordance  with 
the  final  estimate. 
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TABLE  I.— RADII. 


28i 


Deg. 


0     0^ 

1 
2 
3 
4 
5 
6 
7 
8 
0 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 


27 


81 


Radius. 


Infinite ' 
343775.1 
171887. 
114592. 
85943.7 
68754.9, 
57295.8 
49110.7 
4^1.8 
38197.2 
34377.5 

31252.3 
28647.8 
26444.2' 
24555.4 
22918.3 
21485.9 
20222.1 
19098.6 
18098.4 
17188.8 

16370.2 
15626.1 
14946.7 
14323.6 
13751 .0 
13222.1 
12732.4 
12277.7 
11854.3 
11459.2 

11089.6 
10743  0 
10417.5 
10111.1 
9822.18 
9549.34 
9291.29 
9046.75 
8814.78 
8594.42 

8384.80 
8185.16 
7994.81 
7813.11 
7639.49 
7473.42 
7314.41 
7162.03; 
7015.87 
6875.55 

6740.74 
6611. 12i 
(M86.38; 
6366.26; 
6250.61 1 
6188.90 
608^.20 
6927.22 
6826.76 
67S9.65 


Deg. 


•  O' 
1 
2 
S 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


Radius. 


5729.65 
5635.72 
6544.83 
5456.82 
6871.56 
5288.92 
6208.79 
6131.05 
6055.59 
4982.33 
4911.15 

4841.98 
4774.74 
4709.33 
4645.69 
4583.75 
4523.44 
4464.70 
4407.46 
4861.67 
4297.28 

4244.23 
4192.47 
4141  .j)6 
4092.66 
4044.51 
3997.49 
3951.54 
8906.64 
3862.74 
3819.83 

8777^85 
3736.79 
3696  61 
8657.29 
3618.80 
3581.10 
8544.19 
3508.02 
8472.59 
8437.87 

3403.83 
3370.46 
3337.74 
3305.65 
3274.17 
3243.29 
3212.98 
3183.23 
3154.03 
3125.36 

3097.20 
3069.55 
8042.89 
3015.71 
2989.48 
296S.71 


2913.49 
69  I  2889.01 
601  2864.^93 


Deg. 

Radius. 

no  (K 

2864.93 

J 

2841.26 

2 

2817.97 

8 

2795.06 

4 

2772.53 

6 

2750.85 

6 

2728.52 

7 

2707.04 

8 

2685.89 

9 

2665.08 

10 

2644.58 

11 

2624.39 

12 

2604.51 

18 

2584.93 

14 

2665.66 

16 

2546.64 

16 

2627.92 

17 

2509.47 

18 

2491.29 

19 

2473.37 

ao 

2455.70 

21 

2438.29 

22 

2421.12 

23 

2404.19 

24 

2387.50 

25 

2371.04 

26 

2354.80 

27 

2338.78 

28 

2322.98 

29 

2307.39 

80 

2292.01 

81 

2276.84 

82 

2261.86 

83 

2247.08 

84 

2232.49 

85 

2218.09 

86 

2203.87 

37 

2189.84 

88 

2175.98 

89 

2162.30 

40 

2148.79 

41 

2135.44 

42 

2122.26 

43 

2109.24 

44 

2096.39 

45 

2083.68 

46 

2071.13 

47 

2058.73 

48 

2046.48 

49 

2034.37 

60 

2022.41 

51 

2010.69 

62 

1998.90 

63 

1987.85 

64 

1975.93 

65 

1964.64 

66 

1953.48 

57 

1942.44 

68 

1931.53 

59 

1920.76 

60 

1910.08 

Dear. 

Radius. 

z^  (y 

1910.08 

1 

1899.53 

2 

1889.09 

3 

1878.77 

4 

1868.56 

6 

1858.47 

6 

1848.48 

7 

1838.59 

8 

1828.82 

9 

1819.14 

10 

1809.57 

11 

1800.10 

12 

1790.78 

13 

1781.45 

14 

1772.27 

16 

1763.18 

16 

1764.19 

17 

1745.26 

18 

1786.48 

19 

1727.75 

20 

1719.12 

21 

1710.56 

22 

1702.10 

23 

1693.72 

24 

1685.42 

25 

1677.20 

26 

1669.06 

27 

1661.00 

28 

1653.01 

29 

1645.11 

80 

1637.28 

81 

1629.62 

82 

1621.84 

83 

1614.22 

84 

1606.68 

35 

1599.21 

86 

1691.81 

87 

1584.48 

38 

1577.21 

89 

1570.01 

40 

1662.88 

41 

1555.81 

42 

1548.80 

43 

1541.86 

44 

1534.98 

45 

1528.16 

46 

1521.40 

47 

1514.70 

48 

1508.06 

49 

1501.48 

60 

1494.95 

61 

1488.48 

62 

1482.07 

63 

1475.71 

64 

1469.41 

65 

1463.16 

66 

1456.96 

67 

1450.81 

68 

1444.72 

69 

1438.68 

60 

1482.69 

Deg. 

Radius. 

49  (y 

1432.69 

1 

1426.74 

2 

1420.85 

8 

1415.01 

4 

1409.21 

6 

1403.46 

6 

1397.76 

7 

1392.10 

8 

1386.49 

9 

1380.92 

10 

1375.40 

11 

1369.92 

12 

1364.49 

13 

1359.10 

14 

1353.75 

16 

1348.45 

16 

1:^.15 

17 

1387.65 

18 

1332.77 

19 

1327.63 

«0 

1322.63 

21 

1317.46 

22 

1312.43 

23 

1307.45 

24 

1302.50 

25 

1297.58 

26 

1292.71 

27 

1287.87 

28 

1288.07 

29 

1278.30 

30 

1278.67 

81 

1268.87 

82 

1264.21 

83 

1259.58 

84 

1254.96 

86 

1260.42 

86 

1245.89 

87 

1241.40 

88 

1236.94 

89 

1232.61 

40 

1228.11 

41 

1228.74 

42 

1219.40 

43 

1215.30 

44 

1210.82 

45 

1206.57 

46 

1202.36 

47 

1198.17 

48 

1194.01 

49 

1189.88 

60 

1185.78 

51 

1181.71 

62 

1177. 6< 

53 

1173. 6S 

54 

1169.6( 

55 

1165. 7( 

56 

1161.7( 

67 

1157.8{ 

58 

1153.9^ 

69 

1150.11 

60 

1146.3( 
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Veg, 

Radius. 

Deg. 

Radius. 

Deg. 

Radius. 

Deg. 

Radius. 

Deg. 

Radius. 

6«»(y 

1146.28 

6«»0' 

955.87 

70  0/ 

"818.64 

goO' 

716.84 

S'O' 

686.78 

I 

1142.47 

1 

J»52.72 

1 

816.70 

1 

714.86 

1 

635.61 

2 

1188.69 

2 

950.09 

2 

814.76 

2 

718.37 

2 

684.44 

8 

1184.94 

3 

947.48 

3 

812.88 

3 

711.90 

a 

688.27 

4 

1181.21 

4 

944  83 

4 

810.92 

4 

710.43 

4 

632.10 

6 

1127.50 

5 

942.29 

5 

809.01 

6 

706.96 

6 

680.94 

6 

1123.82 

6 

939.72 

6 

807.11 

6 

707.51 

6 

629.79 

7 

1120.16 

7 

937.16 

7 

805.22 

7 

706.05 

7 

628.64 

8 

1116.52 

8 

934.62 

8 

803.34 

8 

704.60 

8 

627.49 

9 

1112.91 

0 

932.09 

9 

801.47 

9 

703.16 

9 

626.86 

10 

1109.33 

10 

929.57 

10 

799.61 

10 

701.73 

10 

625.21 

11 

1105.76 

11 

927.07 

11 

797.76 

11 

700.80 

11 

624.06 

12 

1102.22 

12 

924.58 

12 

795.91 

12 

698.88 

12 

622.96 

13 

1098.70 

13 

922.10 

13 

794.07 

18 

697.46 

13 

621.82 

14 

1095.20 

14 

919.64 

14 

792.24 

14 

696.05 

14 

620.70 

15 

1091.73 

15 

917.19 

15 

790.42 

15 

694.66 

15 

619.68 

16 

1088.28 

16 

914.75 

16 

788.61 

16 

693.24 

16 

618.47 

17 

1084.85 

17 

912.83 

17 

786.80 

17 

691.85 

17 

617.86 

18 

1081.44 

18 

909.92 

18 

785.01 

18 

690.46 

18 

616.S6 

19 

1078.05 

19 

907.52 

19 

783.22 

19 

689.08 

19 

616.16 

30 

1074.68 

20 

905.  la 

20 

781.44 

20 

687.70 

20 

614.06 

21 

1071.84 

21 

902  76 

21 

779.67 

21 

686.88 

21 

612.9© 

22 

1068.01 

22 

900.40 

22 

777.91 

22 

684.96 

22 

611.87 

23 

1064.71 

23 

898.05 

2;^ 

776.15 

28 

683.60 

28 

610.78 

24 

1061.43 

24 

895.71 

24 

774.40 

24 

682.25 

24 

609.70 

25 

1058.16 

25 

893.39 

25 

772.66 

25 

680.89 

25 

608.68 

26 

1054.92 

26 

891.08 

26 

770.93 

26 

679.55 

26 

607.56 

27 

1051.70 

27 

888.78 

27 

769.21 

27 

678.21 

27 

606.48 

28 

1048.48 

28 

886.49 

28 

767.49 

28 

676.88 

28 

606.41 

29 

1045.31 

29 

884.21 

29 

765.78 

29 

675.54 

29 

604.86 

30 

1042.14 

80 

881.95 

80 

764.08 

80 

674.22 

80 

608.29 

81 

1039.00, 

81 

879.69 

81 

762.89 

81 

672.90 

81 

602.23 

82 

ia35.87 

82 

877.45 

82 

760.70 

32 

671.59 

32 

601.18 

33 

1032.76 

83 

875.22 

88 

759  02 

33 

670.28 

83 

600.18 

84 

1029.67 

84 

873.00 

34 

757.85 

34 

668.98 

84 

599.09 

85 

1026.60 

85 

870.80 

85 

756.69 

85 

667.68 

85 

608.04 

86 

1023.65 

86 

868.60 

86 

754.08 

86 

666.89 

86 

607.01 

37 

1020.51 

87 

866.41 

87 

752.88 

87 

665.10 

37 

696.97 

88 

1017.49 

88 

864.24 

88 

750.74 

88 

663.82 

88 

604.94 

89 

1014.50 

89 

862.08 

89 

749.10 

39 

662.54 

39 

698  91 

40 

1011.51 

40 

859.92 

40 

747.48 

40 

661.26 

40 

602.89 

41 

1008.55 

41 

857.78 

41 

745.86 

41 

669.99 

41 

691.87 

42 

1005.60 

42 

855.65 

42 

744.24 

42 

658.78 

42 

690.85 

43 

1002.67 

43 

853.53 

43 

742.68 

43 

657.47 

43 

589.84 

44 

999.76 

44 

851.42 

44 

741.03 

44 

656.22 

44 

588.83 

45 

996.87 

45 

849.32 

45 

739.44 

45 

654.97 

45 

687.83 

46 

993.99 

46 

847.23 

46 

737.86 

46 

653.72 

46 

586.82 

47 

991.13 

47 

845.15 

47 

736.28 

47 

652.48 

47 

686.88 

48 

988.28 

48 

843.08 

48 

734.70 

48 

651.25 

48 

584.88 

49 

985.45 

49 

841.02 

49 

733.14 

49 

650.02 

49 

588.84 

50 

982. G4 

50 

888.97 

60 

731.68 

60 

648.79 

60 

582.85 

51 

979.84 

51 

886.93 

51 

730.03 

61 

647.57 

61 

681.86 

62 

977.06 

52 

834.90 

52 

728.48 

52 

646.35 

62 

680.88 

53 

974.29 

53 

8:32.89 

63 

726.94 

63 

645.14 

63 

579.90 

54 

971.54 

M 

830.88 

54 

725.41 

64 

643.94 

64 

678.92 

65   968.811 

55 

828.88 

55 

723.88 

65 

642  78 

55 

577.96 

66 

966.09 

66 

826.89 

66 

722.36  1 

66 

641.68 

66 

576.98 

57 

963.89 

67 

824.91 

67 

720  85  1 

67 

640.84 

57 

676.02 

68 

960.70 

68 

822.93 

68 

719.34 

68 

639.16 

68 

676.06 

69 

958.03 

69 

820.97 

69 

717.84 

69 

637.96 

69 

674.10 

60 

955.87 

60 

819.02 

60 

716.84 

60 

636.78 

60 

673.14 
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TABLE 

I.— RADIL 

Deg. 

Radius. 

Deg. 

Radius. 

DeR. 

Radius. 
409.32 

Deg. 

Radius. 
S58aF 

Deg. 

Radius. 

10*  (y 

678.14 

12«»0' 

14"  0' 

16*'0' 

18°  0' 

818.89 

2 

571.24 

2 

476.36 

2 

408.36 

2 

357.48 

2 

817.80 

4 

569.35 

4 

475.05 

4 

407.38 

4 

356.69 

4 

817.22 

6 

567.47 

6 

473.74 

6 

406.42 

6 

355.96 

6 

316.63 

8 

565.60 

8 

472.44 

8 

405.46 

8 

855.21 

8 

816.05 

10 

563.75 

10 

471.15 

10 

404.51 

10 

854.48 

10 

816.47 

12 

561.91 

12 

469.86 

12 

403.56 

12 

853.75 

12 

814.89 

14 

560.08 

14 

468.58 

14 

403.61 

14 

853.03 

14 

314.32 

16 

558.26 

16 

467.31 

16 

401.67 

16 

852.30 

16 

813.76 

18 

566.45 

18 

466.04 

18 

400.74 

18 

851.58 

18 

818.18 

20 

554.66 

20 

464.78 

20 

899.80 

20 

850.86 

20 

812.61 

22 

652.88 

22 

463.53 

22 

898.88 

22 

850.15 

22 

312.04 

24 

551.11 

24 

462.29 

24 

397.95 

24 

849.44 

24 

811.47 

26 

649.85 

26 

461.05 

26 

397.03 

26 

848.72 

26 

310.91 

28 

547.60 

28 

459.82 

28 

896.18 

28 

848.02 

28 

310.36 

90 

645.87 

30 

458.59 

30 

395.21 

30 

847.32 

80 

309.79 

32 

644.14 

32 

457.88 

32 

394.80 

82 

846.62 

32 

309.28 

84 

542.42 

84 

456.16 

34 

393.40 

84 

345.93 

84 

808.68 

86 

640.72 

36 

454.96 

36 

392.50 

86 

845.23 

86 

808.18 

88 

639.03 

88 

453.76 

88 

391.61 

38 

844.54 

88 

307.68 

40 

637.84 

40 

452.57 

40 

390.72 

40 

843.85 

40 

807.03 

42 

535.67 

42 

451. :« 

42 

389.83 

42 

343.16 

42 

306.48 

44 

534.01 

44 

450.20 

44 

388.95 

44 

342.48 

44 

806.93 

46 

632.86 

46 

44^;02 

46 

888.07 

46 

841.80 

46 

805.89 

48 

530.71 

48 

447.86 

48 

387.20 

48 

841.12 

48 

304.85 

60 

529.08 

60 

446.69 

50 

386.33 

60 

340.45 

60 

804.31 

52 

527.46 

52 

445.54 

52 

385.47 

52 

339.78 

62 

803.77 

54 

525.85 

54 

444.39 

54 

384.60 

54 

339.11 

64 

803.24 

S6 

524.25 

56 

443.24 

56 

883.75 

56 

838.44 

56 

802.70 

58 

522.65 

58 

442.11 

58 

882.89 

68 

337.77 

68 

802.17 

11»0' 

521.07 

IS'O' 

440.97 

16°  0' 

382.04 

17^  (y 

337.11 

le'O' 

801.64 

2 

519.60 

2 

439.86 

2 

381.19 

2 

336.45 

2 

801.12 

4 

617.93 

4 

488.78 

4 

380.36 

4 

835.80 

4 

800.59 

6 

616.38 

6 

437.61 

6 

379.51 

6 

3.S5.14 

6 

800.07 

8 

614.84 

8 

436.50 

8 

378.68 

8 

334.49 

8 

299.54 

10 

513.30 

10 

435.40 

10 

877.84 

10 

833.84 

10 

299.02 

12 

611.77 

12 

434.80 

12 

377.02 

.     12 

8as.i9 

12 

298.50 

14 

610.26 

14 

438.21 

14 

876.19 

14 

332  55 

14 

297.99 

16 

608.75 

'   16 

432.12 

16 

375.37 

16 

331.91 

16 

297.47 

18 

507.25 

18 

431.04 

18 

874.55 

18 

831.27 

18 

296.96 

20 

605.76 

20 

429.96 

20 

373.74 

20 

330.63 

20 

296.45 

22 

504.28 

22 

428.98 

22 

872.93 

22 

830.00 

22 

295.94 

24 

502.80 

24 

427.82 

24 

372.12 

24 

85>9.37 

24 

295.43 

26 

501.34 

26 

426.76 

26 

871.32 

26 

328.74 

26 

294.92 

28 

499.88 

28 

425.71 

28 

370.52 

28 

328.11 

28 

294.42 

80 

498.43 

80 

424.66 

80 

369.72 

30 

327.48 

80 

293.91 

82 

49C.99 

82 

423.61 

82 

368.93 

82 

326.86 

82 

293.41 

84 

495.56 

84 

422.57 

84 

868.14 

34 

326.24 

84 

292.91 

86 

494.14 

86 

.421.54 

36 

867.35 

86 

825.62 

36 

292.41 

88 

492.73 

88 

420.51 

88 

366.57 

38 

325.01 

38 

291.92 

40 

491.32 

40 

419.49 

40 

365.79 

40 

324.40 

40 

291.42 

42 

489.92 

42 

418.47 

42 

365.01 

42 

823.79 

42 

290.98 

44 

488.58 

44 

417.45 

44 

364.24 

44 

323.18 

44 

290.44 

46 

487.15 

46 

416.44 

46 

368.47 

46 

322.57 

46 

289.95 

48 

4a'i.77 

48 

415.44 

48 

36-3.70 

48 

821.97 

48 

289.46 

50 

484.40 

50 

414.44 

50 

361.94 

50 

321.37 

50 

288.98 

bn 

483.05 

52 

413.44 

52 

361.18 

52 

820.77 

52 

288.49 

54 

481.69 

54 

412.45 

54 

360.42 

64 

320.17 

54 

288.01 

56 

480.36 

56 

411.47 

56 

359.67 

56 

319.57 

56 

287.53 

58 

479.01 

58 

410.49 

58 

368.92 

58 

318.98 

58 

287.05 

60 

477.68 

60 

409.51 

60 

358.17 

60 

318.39 

60 

286.67 
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Def. 

Radius. 

Def. 

Radius. 

Def. 

Radius. 

Def. 

Radius. 

Def. 

Radius. 

Aug. 

Meters. 

Ang. 

Meters. 

Aug. 

Meters. 

Aug. 

Meters. 

Aug. 

MetATO. 

0°    0' 

Infinite 

JO        0' 

286.54 

4°      0' 

143.36 

6°    0' 

95.67 

8°    0' 

71.86 

2 

17188.74 

2 

281.84 

2 

142.17 

2 

95.14 

2 

71.66 

4 

8594.37 

4 

277.30 

4 

141.01 

4 

94.62 

4 

71.26 

6 

5729.58 

6 

272.90 

6 

139.87 

6 

94.11 

6 

70.97 

8 

4297.19 

8 

268.64 

8 

138.74 

8 

93.60 

8 

70.68 

10 

3437.75 

10 

264.51 

10 

137.63 

10 

93.09 

10 

70.40 

12 

2864.79 

12 

260.50 

12 

136.54 

12 

92.59 

12 

70.11 

.14 

2455.54 

14 

256.61 

14 

135.47 

14 

92.10 

14 

69.83 

16 

2148.60 

16 

252.84 

16 

134.41 

16 

91.61 

16 

69.56 

18 

1909.87 

18 

249.18 

18 

133.37 

18 

91.13 

18 

69.27 

20 

1718.88 

20 

245.62 

20 

132.35 

20 

90.65 

20 

69.00 

22 

1562.62 

22 

242.16 

22 

131.34 

22 

90.18 

22 

68.73 

24 

1432.41 

24 

238.80 

24 

130.35 

24 

89.71 

24 

68.45 

26 

1322.22 

26 

235.54 

26 

129.37 

26 

89.25 

26 

68.19 

28 

1227.78 

28 

232.35 

28 

128.40 

28 

88.79 

28 

67.92 

30 

1145.93 

30 

229.26 

30 

127.45 

30 

88.34 

30 

67.65 

32 

1074.31 

32 

226.24 

32 

126.52 

32 

87.89 

32 

67.39 

34 

1011.12 

34 

223.31 

34 

125.60 

34 

87.44 

34 

67.13 

36 

954.95 

36 

220.44 

36 

124.69 

36 

87.00 

36 

66.87 

38 

904.69 

38 

217.66 

38 

123.79 

38 

86.67 

38 

66.62 

40 

859.46 

40 

214.94 

40 

122.91 

40 

86.14 

40 

66.36 

42 

818.53 

42 

212.29 

42 

122.04 

42 

86.71 

42 

66.11 

44 

781.33 

44 

209.70 

44 

121.19 

44 

85.29 

44 

66.86 

46 

747.36 

46 

207.17 

46 

120.34 

•46 

84.87 

46 

66.61 

48 

716.23 

48 

204.71 

48 

119.51 

48 

84.46 

48 

66.37 

50 

687.57 

50 

202.30 

50 

118.68 

50 

84.05 

60 

66.12 

52 

661 . 13 

52 

199.95 

52 

117.87 

52 

83.64 

62 

64.88 

64 

636.65 

54 

197.66 

54 

117.07 

54 

83.24 

54 

64.64 

56 

613.91 

66 

195.41 

56 

116.28 

56 

82.84 

66 

64.40 

58 

592.74 

58 

193.22 

58 

115.51 

68 

82.45 

58 

64.16 

1°    0' 

572.99 

SO      0' 

191.07 

5°      0' 

114.74 

70       Q/ 

82.06 

90    0' 

63.92 

2 

554.51 

2 

188.98 

2 

113.98 

2 

81.67 

2 

63.69 

4 

537.18 

4 

186.92 

4 

113.23 

4 

81.28 

4 

63.46 

6 

520.90 

6 

184.92 

6 

112.49 

6 

80.91 

6 

63.23 

8 

505.58 

8 

182.95 

8 

111.76 

8 

80.53 

8 

63.00 

10 

491.14 

10 

181.03 

10 

111.05 

10 

80.16 

10 

62.77 

12 

477.50 

12 

179,14 

12 

110.34 

12 

79.79 

12 

62.65 

14 

464.60 

14 

177.30 

14 

109.63 

14 

79.42 

14 

62.32 

16 

452.37 

16 

175.49 

16 

108.94 

16 

79\06 

16 

62.10 

18 

440.77 

18 

173.72 

18 

108.26 

18 

78.70 

18 

61.88 

20 

429.76 

20 

171.98 

20 

107.58 

20 

78.34 

20 

61.66 

22 

419.28 

22 

170.28 

22 

106.92 

22 

77.99 

22 

61.44 

24 

409.30 

24 

168.62 

24 

106.26 

24 

77.64 

24 

61.23 

26 

399.78 

26 

166.98 

26 

105.61 

26 

77.30 

26 

61.01 

28 

390.70 

28 

165.38 

28 

104.97 

28 

76.95 

28 

60.80 

30 

382.02 

30 

163 . 80 

30 

104.33 

30 

76.61 

30 

60.59 

32 

373.71 

32 

162.26 

32 

103.71 

32 

76.28 

32 

60.38 

34 

365.76 

34 

160.75 

34 

103.09 

34 

75.94 

34 

60.17 

36 

358.15 

36 

159.26 

36 

102.48 

36 

75.61 

36 

59.96 

38 

350.84 

38 

157.80 

38 

101.87 

38 

75.28 

38 

59.76 

40 

343.82 

40 

156.37 

40 

101.28 

40 

74.96 

40 

69.55 

42 

337.08 

42 

154.96 

42 

100.68 

42 

74.63 

42 

69.36 

44 

330.60 

44 

153.58 

44 

100.10 

44 

74.31 

44 

69.15 

46 

324.37 

46 

152.22 

46 

99.52 

46 

74.00 

46 

68.95 

48 

318.. 36 

48 

150.89 

48 

98.95 

48 

73.68 

48 

68.75 

50 

312.58 

50 

149.58 

50 

98.39 

50 

73.37 

60 

58.55 

52 

307.00 

52 

148.29 

52 

97.83 

52 

73.06 

62 

58.36 

54 

301.61 

54 

147.03 

54 

97.28 

54 

72.76 

54 

58.16 

56 

296.41 

56 

145.78 

56 

96.74 

56 

72.45 

56 

67.97 

58 

291.39 

58 

144.56 

58 

96.20 

58 

72.15 

68 

57.78 

60 

286.54 

60 

143  ?6 

60 

95.67 

60 

71.85 

60 

57.59 
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9 

or 

10- 

15* 

20- 

fxr 

4Bt 

46* 

50- 

/ 

0 

.00000 

.00278 

.00417 

.00656 

.00833 

.01111 

.01250 

.01889 

0 

1 

.01667 

.01944 

.08083 

.02222 

.02600 

.02778 

.02917 

.08066 

1 

2 

08333 

.08611 

.08750 

.08889 

.04167 

.04444 

.04683 

.04728 

2 

s 

!06000 

.05278 

.05417 

.05556 

,.05833 

.06111 

.06850 

.06389 

3 

4 

06667 

.06944 

.07083 

.07228 

.07500 

.07778 

.07917 

.08066 

4 

5 

.06333 

.08611 

.08750 

.08889 

.09167 

.09444 

.09583 

.09728 

6 

e 

10000 

.10278 

.10417 

.10556 

.10833 

.11111 

.11260 

.11889 

6 

7 

.11667 

.11944 

.18083 

.12288 

.12500 

.12778 

.12917 

.13066 

7 

8 

18333 

.13611 

.13750 

.13889 

.14167 

.14444 

.14683 

.14782 

8 

g 

15000 

.15278 

.15417 

.15556 

.15833 

.16111 

.16250 

.16389 

9 

10 

'.16667 

.16944 

.17083 

.17222 

.17600 

.17778 

.17917 

.18056 

10 

11 

.18333 

.18611 

.18750 

.18889 

.19167 

.19444 

.19583 

.19788 

11 

12 

.20000 

.20278 

.21M17 

.20656 

.20833 

.21111 

.21250 

.81389 

12 

13 

.21667 

.21944 

.28063 

.28222 

.28500 

.22778 

.22917 

.23056 

13 

14 

.23333 

.23611 

.23750 

.23889 

.24167 

.24444 

.24683 

.24722 

14 

15 

25000 

.25278 

.25417 

.85556 

.25833 

.26111 

.26860 

.26389 

16 

16 

26667 

.26944 

.27083 

.27222 

.27500 

.v!rm 

.27917 

.28066 

16 

17 

'.9«383 

.28611 

.28750 

.88889 

.29167 

.29444 

.29683 

.29722 

17 

18 

30000 

.30278 

.30417 

.80556 

.80838 

.31111 

.31260 

.81889 

18 

19 

.31667 

.31^4 

.82083 

.32882 

.38500 

.32778 

.32917 

.83056 

19 

20 

.33333 

.33611 

.33750 

.33889 

.34167 

.84444 

.34588 

.84722 

20 

21 

.35000 

.35278 

.35417 

.35833 

.86111 

.36250 

.86389 

21 

22 

.86667 

.36944 

.37083 

.37222 

.37500 

.37778 

.87917 

.88056 

22 

23 

.38383 

.38611 

.38?50 

.38889 

.39167 

.39444 

.39583 

.89728 

23 

24 

40000 

.40878 

.40417 

.40556 

.40833 

.41111 

.41850 

.41389 

24 

26 

41667 

.41914 

.42083 

48822 

.48500 

.42778 

.42917 

.43056 

25 

26 

.43333 

.43611 

.43750 

;4388» 

.44167 

.44444 

.44583 

.44728 

26 

27 

45000 

.45278 

.45417 

.45556 

.45883 

.46111 

.46850 

.46389 

27 

28 

.46667 

.46944 

.47083 

.47222 

.47500 

.47778 

.47917 

.48056 

28 

29 

.48333 

.48611 

.48750 

.48889 

.49167 

.49444 

.49583 

.49788 

89 

90 

.50000 

.50278 

.60417 

.50656 

.50833 

.61111 

.51260 

.61389 

30 

81 

.51667 

.51944 

.52083 

.52222 

.52500 

.52778 

.B2917 

.63066 

31 

32 

.53333 

.53611 

.53750 

.53889 

.54167 

.64444 

.64583 

.54';^ 

38 

33 

.55000 

.55278 

.55417 

.55556 

.55833 

.56111 

.66250 

.66389 

83 

84 

.56667 

.56944 

.57083 

.57228 

.57500 

.67778 

.57917 

.68066 

34 

86 

.58333 

.58611 

.58750 

.58889 

.69167 

.59444 

.69583 

.59722 

36 

86 

.60000 

.60278 

.60417 

.60556 

.60683 

.61111 

.61250 

.61889 

36 

87 

.61667 

.61944 

.62083 

.62222 

.02500 

.62778 

.62917 

.68056 

37 

88 

.63333 

.63611 

.63750 

.63889 

.64167 

.64444 

.64583 

.64722 

38 

89 

.65000 

.65278 

.65417 

.65556 

.66883 

.66111 

.66250 

.66389 

39 

40 

.66667 

.66944 

.67083 

.6?222 

.67500 

.67778 

.67917 

.68056 

40 

41 

.68383 

.68611 

.68750 

.68889 

.69167 

.69444 

.69583 

.69722 

41 

42 

.70000 

.70278 

.70417 

.70556 

.70633 

.71111 

.71250 

.71389 

48 

43 

.71667 

.71944 

.72083 

.72222 

.72500 

.72778 

.72917 

.73056 

43 

44 

.73333 

.73611 

.73750 

.73889 

.74167 

.74444 

.74588 

.74722 

44 

45 

.75000 

.75278 

.75417 

.75556 

.75833 

.76111 

.76250 

.76389 

45 

46 

.76667 

.76944 

.77083 

.77288 

.77500 

.VVVV8 

.77917 

.78056 

46 

47 

.78333 

.78611 

.78750 

.78889 

.79167 

.79444 

.79583 

.79728 

47 

48 

.80000 

.80278 

.80417 

.80556 

.80833 

.81111 

.81850 

.81389 

48 

49 

.81667 

.81944 

.88083 

.82222 

.82500 

.82778 

.88917 

,83056 

49 

60 

.83333 

.83611 

.83750 

.83889 

.84167 

.84444 

.84583 

,84788 

50 

51 

.85000 

.85278 

,85417 

.86566 

.86883 

86111 

.86250 

.86389 

51 

62 

.86667 

.86944 

.87083 

.87222 

.87500 

.87778 

.87917 

.88056 

58 

53 

.88333 

.88611 

.88750 

.88889 

.89167 

.89444 

.89583 

.89728 

63 

54 

.90000 

.90878 

.90417 

.90556 

.90633 

.91111 

.91250 

.91389 

54 

65 

.91667 

.91944 

.92083 

.98222 

.92500 

.92778 

.92917 

.98056 

65 

66 

.93383 

.93611 

.93750 

.93889 

.94167 

^\\\ 

.94583 

.94722 

56 

tn 

.95000 

.95278 

.95417 

.95556 

.95833 

!96111 

.96250 

.96389 

67 

66 

.96667 

.96944 

.97083 

.97228 

.97500 

.97778 

.97917 

.98056 

68 

60 

.96838 

.98611 

.96750 

.98889 

.99167 

.99444 

.99583 

.99782 

69 

i 

cr 

10" 

15- 

20- 

SO" 

40- 

46' 

eo" 

t 
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TABLE  IV.— 

LONG  CHORDS. 

Degree  of 

Actual  Arc, 

Long  Chords. 

Curve. 

One  Station. 

2 

8 

4 

5 

6 

Stations. 

Stations. 

Stations. 

Stations.  Stations 

0«      W 

100.000 

200.00 

■    800.00 

400.00 

500.00 

699.99 

20 

.000 

200.00 

300.00 

399.99 

499.96 

599.97 

ao 

.000 

200.00 

299.99 

399.98 

499.96 

699.93 

40 

.001 

200.00 

299.99 

399.97 

499.98 

699.88 

50 

.001 

200.00 

299.98 

399.95 

499.89 

599.82 

1 

100.001 

199.99 

299.97 

899.92 

499.85 

699.73 

10 

.002 

199.99 

299.96 

399.90 

499.79 

599.64 

20 

002 

199.99 

299.95 

399.87 

499.78 

599.53 

30 

.008 

199.98 

299.93 

399.83 

499.66 

699.40 

40 

.008 

199.98 

299.92 

899.79 

499.58 

599.26 

50 

.004 

199.97 

299.90 

899.74 

499.49 

599.11 

8 

100.005 

199.97 

299.88 

899.70 

499.89 

598.93 

10 

.006 

199.96 

299.86 

399.64 

499.29 

698.75 

ao 

.007 

199.96 

299.83 

899.59 

499.17 

598.55 

80 

.003 

199.95 

299.81 

899.52 

499.05 

598.34 

40 

.009 

199.95 

299.78 

899.46 

498.92 

598.11 

50 

.010 

199.94 

299.76 

899.39 

498.78 

697.86 

8 

100.011 

199.93 

299.73 

899.32 

498.63 

697.60 

10 

.013 

199.92 

299.70 

899.24 

498.47 

597.33 

20 

.014 

199.92 

299.66 

399.15 

498.31 

697.04 

80 

.015 

199.91 

299.63 

399.07 

498.14 

696.74 

40 

.017 

199.90 

299.59 

398.98 

497.96 

596.42 

50 

.019 

199.89 

299.55 

898.88 

497.77 

696.09 

4 

100.030 

199.88 

299.51 

898.78 

497.57 

695.74 

10 

.022 

199.87 

299.47 

898.68 

497.36 

595.38 

20 

.024 

199.86 

299.43 

898.57 

497.15 

595.01 

80 

.026 

199.85 

299.38 

898.46 

496.92 

694.62 

40 

.028 

199.83 

299.34 

898.84 

496.69 

594.21 

50 

.030 

199.82 

299.29 

898.22 

496.45 

593.79 

6 

100.082 

199.81 

299.24 

898.10 

496.20 

593.36 

10 

.034 

199.80 

299.19 

897.97 

495.94 

592.91 

30 

.036 

199.78 

299.13 

897.84 

495.68 

692.46 

80 

.038 

199.77 

299.08 

897.70 

495.41 

591 .9r 

40 

.041 

199.76 

299.02 

397.56 

495.12 

591.48 

50 

.048 

199.74 

298.96 

897.41 

494.83 

590.97 

6 

100.046 

199.73 

298.90 

897.26 

494.53 

590.46 

10 

.048 

199.71 

298.84 

397.11 

494.23 

589.91 

20 

.051 

199.70 

298.78 

396.95 

493.91 

589.36 

80 

.054 

199.68 

298.71 

896.79 

493.59 

588.80 

40 

.056 

199.66 

298.65 

396.62 

493.26 

588.22 

50 

.059 

199.64 

298.58 

396.45 

492.92 

587.63 

7 

100.062 

199.63 

298.51 

396.28 

492.57 

587.02 

10 

.016 

199.51 

298.30 

395  91 

491.97 

586.12 

20 

.017 

199.49 

298.21 

395.71 

491.60 

585.46 

80 

.018 

199.47 

298.13 

895.52 

491.21 

584.80 

40 

.018 

199.44 

298.05 

395.32 

490.82 

584.13 

50 

.019 

199.42 

297.96 

395.11 

490.42 

583.44 

8 

100.020 

199.39 

297.87 

394.90 

490.01 

582.72 

10 

.021 

199.87 

297.78 

394.69 

489.59 

582.01 

20 

.022 

199.34 

297.69 

394.47 

489.16 

581.27 

80 

.028 

199.31 

297.60 

394.25 

488.78 

580.52 

40 

.024 

199.28 

297.60 

394.02 

488.28 

579.76 

60 

025 

199.26 

297.41 

393.79 

487.83 

578.98 

9 

100.026 

199.23 

297.31 

893.55 

487.37 

578.18 

10 

.027 

199.20 

297.21 

393.31 

486.90 

577.38 

20 

.028 

199.17 

297.10 

393.07 

486.48 

576.56 

80 

,029 

199.14 

297.00 

892.82 

485.95 

575.73 

40 

.030 

199.11 

296.90 

892.57 

486.45 

574.88 

60 

.031 

199.08 

296.79 

392.31 

484.95 

574.02 

lO 

100.032 

199.05 

296.68 

392.05 

484.44 

573.14 
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TABLE  IV.— LONG  CHORDS. 


Degree 

of 
Curve. 


Actual  Arc, 

One 

Station. 


Long  Chords. 


12  3  4  5 

Station.    Stations.  Stations.  Stations.  Stations. 


10»     0' 

10 
20 


11 


12 


13 


14 


40 
50 

10 
20 
30 
40 
50 

10 
20 
30 
40 
50 

10 
20 
80 
40 
50 


100.032 
.033 
.034 
.035 
.086 
.037 

100.038 
.040 
.041 
.042 
.043 
.044 

100.046 
.047 
.048 
.050 
.051 
.052 

100.054 
.055 
.056 
.058 
.059 
.061 

100.062 


99.91 
99.90 
99.90 
99.90 
99.89 
99.89 
99.88 
99.88 
99.88 
99.87 
99.87 
99.87 

99.86 
99.86 
99.85 
99.85 
99.85 
99.84 
99.84 
99.84 
99.83 
99.83 
99.82 
99.82 
99.81 


199  05 
199.02 
198.98 
198.95 
198.92 
198.88 
198.85 
198.81 
198  78 
198.74 
198.71 
198.67 

198.63 
198.59 
198.56 
198.51 
198.48 
198.43 
198.39 
198.85 
198.31 
198.27 
198.23 
198.18 
198.14 


296  68 
296.57 
296.45 
296.33 
296.22 
296.10 
295.98 
295.86 
295.74 
295.61 
295.48 
295.35 

295.22 
295.09 
294.95 
294.82 
294.68 
294.5^ 
294. 4U 
294.26 
294.11 
293.96 
293.81 
293.66 
293.51 


392.05 
391.79 
391.51 
391.24 
390.96 
390.68 
390.39 
390.10 
389.81 
389.50 
389.20 
388.89 

388.58 
388.27 
387.95 
387.62 
387.29 
386.95 
386.62 
386.28 
385.93 
385.58 
385.23 
384.87 
384.51 


484.44 
483.92 
483.89 
482.86 
482.32 
481.77 
481.21 
480.64 
480.07 
479.48 
478.89 
478.29 

477.68 
477.07 
476.44 
475.81 
475.18 
474.52 
478.87 
473.20 
472.53 
471.86 
471.17 
470.48 
469.77 


TABLE  v.— MID-ORDINATES   TO  LONG  CHORDS. 


Degree  of 
Curve. 

1 

2 

3 

4 

6 

6 

Station. 

Stations. 

Stations. 

Stations. 

Stations. 

Stations. 

0°  lO' 

.04 

.15 

.33 

.58 

.91 

1.81 

20 

.07 

.29 

.65 

1.16 

1.82 

2.62 

30 

.11 

.44 

.98 

1.75 

2.73 

3.93 

40 

.15 

.58 

1.31 

2.38 

3.64 

5.24 

50 

.18 

.73 

1.64 

2.91 

4.55 

6.54 

1 

.22 

.87 

1.96 

3.49 

5.45 

7.85 

10 

.26 

1.02 

2.29 

4.07 

6.36 

9.16 

20 

.89 

1.16 

2.62 

4.65 

7.27 

10.47 

30 

.33 

1.31 

2.95 

5.24 

8.18 

11.78 

40 

.36 

1.45 

8.27 

5.82 

9.09 

18.08 

50 

.40 

1.60 

3.60 

6.40 

9.99 

14.89 

2 

.44 

1.75 

3.93 

6.98 

10.90 

1569 

10 

.47 

1  89 

4.25 

7.56 

11.81 

17.00 

20 

.51 

2.04 

4.58 

8.14 

12.72 

18.30 

30 

.55 

2.18 

4.91 

8.72 

13.62 

19.61 

40 

.58 

2  33 

5.23 

9.30 

14.53 

20.91 

50 

.62 

2.47 

5.56 

9  88 

15.44 

22.21 

3 

.65 

2.62 

5.89 

10.46 

16.34 

23.52 

10 

.69 

2.76 

6.22 

11.04 

17.25 

24.82 

20 

.73 

2.91 

6.54 

11.62 

18.15 

26.12 

30 

.76 

3.05 

6.87 

12.20 

19.06 

27.42 

40 

.80 

3.20 

7.20 

12.78 

19.96 

28.71 

50 

.84 

3.35 

7.52 

18  36 

20.86 

80.01 

* 

.87 

3.49 

7.85 

13.94 

21.77 

81.81 
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TABLE  v.— MID-ORDINATES  TO  LONG  CHORDS. 


Decree  of 

1 

2 

3 

4 

5 

Q 

Curve. 

SUtioD. 

Stations. 

Stations. 

Stations. 

Stations. 

Stations. 

4« 

0' 

.87 

3.49 

7.85 

13.94 

21.77 

31.31 

10 

.91 

3.64 

8.18 

14.52 

22.67 

32  60 

20 

.95 

8.78 

8.50 

15.10 

23.57 

33.90 

30 

.98 

8.93 

8.83 

15.68 

24.47 

35.19 

40 

1.02 

4.07 

9.15 

16.26 

25.37 

86.48 

50 

1.05 

422 

9.48 

16.84 

26.27 

37.77 

6 

1.09 

4.36 

9.81 

17.42 

27.17 

39.06 

10 

1.13 

4.61 

10.13 

17.99 

28.07 

40  35 

20 

1.18 

4.66 

10.46 

18.57 

28.97 

41  68 

80 

1.20 

4.80 

10.79 

19.16 

29.87 

42.92 

40 

1.24 

4.94 

11.11 

19.72  . 

80.76 

44  20 

50 

1.27 

5.09 

11.44 

20.80 

81.66 

46.48 

6 

1.31 

5.23 

11.76 

20.88 

32.56 

46.76 

10 

1.35 

5.38 

12.09 

21.46 

33.45 

48  04 

20 

1.38 

6.62 

12.41 

22  08 

84.34 

49.81 

30 

1.42 

6.67 

12.74 

22.60 

35.23 

50.69 

40 

1.46 

6.81 

13.06 

23.18 

36.13 

61.86 

60 

1.49 

5.96 

13.39 

23.75 

87.02 

63.13 

7 

1.63 

6.11 

13.72 

24.33 

37.91 

54.40 

10 

1.66 

6.25 

14.03 

24.89 

38.79 

66.64 

20 

1.60 

6.39 

14.36 

26.46 

39.66 

66  90 

80 

1.64 

6.64 

14.68 

26.04 

40.55 

58.16 

40 

1.67 

6.68 

15.01 

26.61 

41.43 

59.41 

50 

1.71 

6.83 

15.33 

27.18 

42.82 

60.68 

8 

1.74 

6.97 

15.66 

27.75 

43.20 

61.98 

10 

1.78 

7.12 

15.98 

28.32 

44.08 

68  18 

20 

1.82 

7.26 

16.30 

28.89 

44.96 

64.43 

30 

1.85 

7.41 

16.62 

29.46 

45.84 

65.68 

40 

1.89 

7.66 

16.96 

30.03 

46  72 

66.92 

50 

1.93 

7.70 

17.27 

30.60 

47.60 

68.17 

9 

1.96 

7.84 

17.59 

31.17 

48.47 

69.40 

10 

2.00 

7.98 

17.92 

31.73 

49.35 

70  64 

20 

2.04 

8.13 

18.24 

32.30 

50.22 

71.88 

30 

2.07 

8.27 

18.56 

32.87 

61.09 

73.11 

40 

2.11 

8.42 

1^88 

33.43 

51.96 

74.34 

50 

2.14 

8.56 

19.21 

84.00 

62.83 

75.66 

10 

2.18 

8.71 

19.63 

34.66 

53.70 

76.79 

10 

222 

8.86 

19.85 

36.13 

64.67 

20 

2.25 

9.00 

20.17 

35.69 

66.43 

80 

2.29 

9.14 

20.49 

36.26 

66.29 

40 

2.33 

9.28 

20.82 

36.82 

57.16 

50 

2.36 

9.43 

21.14 

87.38 

58.02 

11 

2.40 

9.67 

21.46 

37.94 

68.88 

10 

2.44 

9.72 

21.78 

38.50 

59.73 

20 

2.47 

9.86 

22.10 

39  06 

60.58 

80 

2.61 

10.01 

22.42 

39.62 

61.44 

40 

2.54 

10.16 

22.74 

40.18 

62.80 

50 

2.68 

10.29 

23.06 

40.74 

63.16 

12 

2  62 

10.44 

23.38 

41.30 

64.00 

10 

2.66 

10.68 

23.70 

41.86 

64.85 

20 

269 

10.73 

24.02 

42.41 

66.69 

30 

2.73 

10.87 

24.84 

42.97 

66.54 

40 

2.76 

11.01 

24.66 

43.62 

67.38 

60 

2.80 

11.16 

24.97 

44.08 

68.22 

18 

2.83 

11.30 

25.29 

44.63 

69.06 

10 

2.87 

11.45 

25.61 

45.18 

69.90 

20 

2.91 

11.69 

25.93 

45.73 

70.73 

80 

2.94 

11.73 

26  25 

46.29 

71.57 

40 

2.98 

11.88 

26.57 

46.84 

72.40  , 

50 

3.02 

12.02 

26.88 

47.39 

73.23jle 

14 

8.05 

12.16 

27.20 

47.93 

74.06^ 
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N 

0   12345   67   8   0 

100 

00000  00043  00087  00180  00173  00217  00260  00303  00346  00389 

1 

0432  0476  0618  0661  0604  0647  0689  0732  077i  0817 

2 

0860  0903  0946  0988  1030  1072  1115  1167  1199  1242 

3 

1284  1326  1368  1410  1452  1494  1636  1678  1620  1662 

4 

1703  1746  1787  1828  1870  1912  1963  199i  2036  2078 

5 

2119  2160  2202  2243  2284  2326  2366  2407  2449  2490 

6 

2631  2672  2612  2663  2694  2735  2776  2816  2867  2898 

7 

2938  2979  3019  3060  3100  3141  3181  3222  3262  3302 

8 

3342  3383  3423  3463  3603  3643  3683  3623  3663  3703 

9 

3743  3782  3822  3862  3902  3941  3981  4021  4060  4100 

110 

04139  04179  04218  04268  04297  04336  04376  04415  04464  04493 

1 

4532  4671  4610  4650  4689  4727  4766  4806  4844  4883 

2 

4922  4961  4999  6038  6077  6116  6164  6192  6231  5269 

3 

6308  6346  6385  6423  6461  6500  6638  6676  6614  5652 

4 

6690  5729  6767  6805  6843  6881  6918  6966  5994  6032 

6 

6070  6108  6146  6183  6221  6268  6296  6333  6371  6408 

6 

6446  6483  6621  6668  6695  6633  6670  6707  6744  6781 

7 

6819  6866  6893  6930  6967  7004  7041  7078  7115  7151 

8 

7188  7225  7262  7298  7336  7372  7408  7445  7482  7518 

9 

7565  7691  7628  7664  7700  7737  7773  7809  7846.  7882 

120 

07918  07964  07990  08027  08063  08099  08135  08171  08207  08243 

1 

8279  8314  8360  8386  8422  8468  8493  8629  8665  8600 

2 

8636  8672  8707  8743  8778  8814  8849  8884  8920  8966 

3 

8991  9026  9061  9096  9132  9167  9202  9237  9272  9307 

4 

9342  9377  9412  9447  9482  9617  9662  9687  9621  9656 

5 

9691  9726  9760  9795  9830  9864  9899  9934  9968  10003 

6 

10037  10072  10106  10140  10175  10209  10243  10278  10312  0346 

7 

0380  0415  0449  0483  0517  0561  0686  0619  0653  0687 

8 

0721  0765  0789  0823  0857  0890  0924  0968  0992  1026 

9 

1069  1093  1126  1160  1193  1227  1261  1294  1327  1361 

130 

11394  11428  11461  11494  ll528  11561  11694  11628  11661  11694 

1 

1727  1760  1793  1826  1860  1893  1926  1969  1992  2024 

2 

2067  2090  2123  2156  2189  2222  2264  2287  2320  2362 

3 

2386  2418  2460  2483  2516  2548  2681  2613  ^646  2678 

4 

2710  2743  2776  2808  2840  2872  2905  2937  2969  3001 

5 

3033  3066  3098  3130  3162  3194  3226  3268  3290  3322 

6 

3354  3386  3418  3450  3481  3613  3646  3677  3609  3640 

7 

3672  3704  3736  3767  3799  3830  3862  3893  3925  3966 

8 

3988  4019  4051  4082  4114  4145  4176  4208  4239  4270 

9 

4301  4333  4364  4395  4426  4467  4489  4520  4651  4582 

140 

14613  14644  14675  14706  14737  14768  14799  14829  14860  14891 

1 

4922  4963  4983  6014  6045  5076  6106  6137  6168  6198 

2 

5229  6259  6290  6320  6351  5381  5412  5442  6473  6503 

3 

6534  6664  6694  6625  5655  6686  5716  5746  5776  6806 

4 

6836  6866  5897  5927  6957  5987  6017  6047  6077  6107 

6 

6137  6167  6197  6227  6256  6286  6316  6346  6376  6406 

6 

6436  6465  6495  6524  6554  6584  6613  6643  6673  6702 

7 

6732  6761  6791  6820  6850  6879  6909  6938  6967  6997 

8 

7026  7066  7085  7114  7143  7173  7202  7231  7260  7289 

9 

.  7319  7348  7377  "7406  7435  7464  7493  7522  7651  7680 

|150 

17609  17638  17667  17696  17726  17754  17782  17811 17840  17869 

TABLE  VI.— LOaARITHMS  OF  NUMBERS.     2il 

N 

0123456789 

160 

17609  17638  17667  17696  17725  17764  17782  17811  17840  17869 

7898  7926  7966  7984  8013  8041  8070  8099  8127  8166 

8184  8213  8241  8270  8298  8327  8366  8384  8412  8441 

8469  8498  8626  8664  8683  8611  8689  8667  8696  8724 

8762  8780  8808  8837  886i  8893  8921  8949  8977  9006 

9033  9061  9089  9117  9146  9173  9201  9229  9267  9285 

9312  9340  9368  9396  9424  9461  9479  9607  9635  9662 

9690  9618  9646  9673  9700  9728  9766  9783  9811  9838 

9866  9893  9921  9948  9976  20003  20030  20068  20086  20112 

20140  20167  20194  20222  20249  0276  0303  0330  0368  0385 

160 

20412  20439  20466  20493  20620  20648  20675  20602  20629  20666 

0683  0710  0737  0763  0790  0817  0844  0871  0898  0925 

0962  0978  1006  1032  1069  1086  1112  1139  1166  1192 

1219  1246  1272  1299  1326  1362  1378  1405  1431  1468 

1484  1611  1637  1664  1690  1617  1643  1669  1696  1722 

1748  1775  1801  1827  1864  1880  1906  1932  1968  1985 

2011  2037  2063  2089  2116  2141  2167  2194  2220  2246 

2272  2298  2324  2350  2376  2401  2427  2463  2479  2606 

2631  2667  2683  2608  2634  2660  2686  2712  2737  2763 

2789  2814  2840  2866  2891  2917  2943  2968  2994  3019 

170 

23045  28070  23096  23121  23147  23172  23198  23223  23249  23274 

8300  3326  3360  3376  3401  3426  3462  3477  3602  3628 

3663  3678  8603  3629  8664  3679  3704  3729  3764  3779 

8805  3830  3865  3880  8905  3930  3965  3980  4005  4030 

4065  4080  4105  4130  4165  4180  4204  4229  4264  4279 

4304  4329  4363  4378  4403  4428  4462  4477  4602  4627 

4661  4676  4601  4626  4650  4674  4699  4724  4748  4773 

4797  4822  4846  4871  4896  4920  4944  4969  4993  6018 

6042  6066  6091  6116  6139  6164  6188  6212  6237  6261 

6286  6310  6334  6368  6382  6406  6431  6465  6479  6603 

180 

26627  26661  26676  26600  25624  26648  25672  25696  25720  25744 

6768  6792  5816  5840  6864  5888  6912  5936  6959  6983 

6007  6031  6055  6079  6102  6126  6160  6174  6198  6221 

6245  6269  6293  6316  6340  .6364  6387  6411  6435  6458 

6482  6506  6629  6553  6576  6600  6623  6647  6670  6694 

6717  6741  6764  6788  6811  6834  6858  6881  6905  6928 

6961  6975  6998  7021  7045  7068  7091  7114  7138  7161 

7184  7207  7231  7254  7277  7300  7323  7346  7370  7393 

7416  7439  7462  7485  7608  7531  7654  7677  7600  7623 

7646  7669  7692  7715  7738  7761  7784  7807  7830  7862 

190 

27876  27898  27921  27944  27967  27989  28012  28035  28058  28081 

8103  8126  8149  8171  8194  8217  8240  8262  8285  8307 

8330  8363  8375  8398  8421  8443  8466  8488  8611  8533 

8556  8678  8601  8623  8646  8668  8691  8713  8736  8768 

8780  8803  8825  8847  8870  8892  8914  8937  8969  8981 

9003  9026  9048  9070  9092  9115  9137  9169  9181  9203 

9226  9248  9270  9292  9314  9336  9368  9380  9403  9425 

9447  9469  9491  9613  9535  9557  9679  9601  9623  9645 

9667  9688  9710  9732  9764  9776  9798  9820  9842  9863 

9886  9907  9929  9961  9973  9994  30016  30038  3006Q  30081 

too 

80108  30125  30146  30168  30190  30211  30283  30265  30276  30298 

^96  TABLE  VI.— LOGARITHMS  OP  NUMBERS. 


K 

012345678 

9 

200 

30103  30125  30146  30168  30190  30211  30233  3025i  30276  30298 

1 

0320  0341  0363  0384  0406  0428  0449  0471  0492 

0514 

2 

0635  0557  0578  0600  0621  0643  0664  0685  0707 

0728 

3 

07i0  0771  0792  0814  0835  0856  0878  0899  0920 

0942 

4 

0963  0984  1006  1027  1048  1069  1091  1112  1133 

1154 

5 

1175  1197  1218  1239  1260  1281  1302  1323  1345 

1866 

6 

1387  1408  1429  1450  1471  1492  1513  1534  1555 

1576 

7 

1597  1618  1639  1660  1681  1702  1723  1744  1765 

1785 

8 

1806  1827  1848  1869  1890  1911  1931  1962  1973 

1994 

9 

2015  2035  2066  2077  2098  2118  2139  2160  2181 

2201 

210 

32222  32243  32263  32284  32305  32326  32346  32366  32387  32408 

1 

2428  2449  2469  2490  2510  2531  2662  2672  2593 

2613 

2 

26U    2664  2675  2695  2716  2736  2756  2777  2797 

2818 

3 

2838  2858  2879  2899  2919  2940  2960  2980  3001 

3021 

4 

3041  3062  3082  3102  3122  3143  3163  3183  3203 

3224 

5 

3244  3264  3284  3304  3325  3345  3365  3385  3405 

3425 

6 

3445  3466  3486  3606  3626  3646  3666  3686  3606 

3620 

7 

3646  3666  3686  3706  3726  3746  3766  3786  3806 

3826 

8 

3846  3866  3886  3906  3925  3945  3965  3985  4005 

4025 

9 

4044  4064  4084  4104  4124  4143  4163  4183  4203 

4223 

220 

34242  34262  34282  34301  34321  34341  34361  34380  34400  34420 

1 

4439  4459  4479  4498  4618  4637  4557  4677  4696 

4616 

2 

4635  4665  4674  4694  4713  4733  4753  4772  4792 

4811 

3 

4830  4850  4869  4889  4908  4928  4947  4967  4986 

5006 

4 

5025  5044  5064  6083  6102  6122  5141  6160  5180 

6199 

5 

5218  5238  5267  6276  5295  5315  6334  6353  5372 

5392 

6 

5411  5430  5449  6468  5488  6607  5626  6645  6564 

5683 

7 

6603  5622  6641  6660  6679  6698  5717  6736  5755 

5774 

8 

5793  6813  5832  6861  6870  6889  5908  6927  5946 

5965 

9 

5984  6003  6021  6040  6059  6078  6097  6116  6135 

6154 

280 

36173  36192  36211  36229  36248  36267  36286  36305  36324  36342 

1 

6361  6380  6399  6418  6436  6456  6474  6493  6511 

6530 

2 

6549  6568  6686  6605  6624  6642  6661  6680  6698 

6717 

3 

6736  6764  6773  6791  6810  6829  6847  6866  6884 

6903 

4 

6922  6940  6959  6977  6996  7014  7033  7051  7070 

7088 

5 

7107  7125  7144  7162  7181  7199  7218  7236  7254 

7273 

6 

7291  7310  7328  7346  7365  7383  7401  7420  7438 

7457 

7 

7475  7493  7511  7530  7648  7666  7685  7603  7621 

7639 

8 

7668  7676  7694  7712  7731  7749  7767  7785  7803 

7822 

9 

7840  7858  7876  7894  7912  7931  7949  7967  7985 

8003 

240 

38021  38039  38057  38075  38093  38112  38130  38148  38166  38184 

1 

8202  8220  8238  8256  8274  8292  8310  8328  8346 

8364 

2 

8382  8399  8417  8436  8463  8471  8489  8607  8525 

8643 

3 

8561  8678  8696  8614  8632  8650  8668  8686  8703 

8721 

4 

8739  8767  8775  8792  8810  8828  8846  8863  8881 

8899 

5 

8917  8934  8952  8970  8987  9005  9023  9041  9068 

9076 

6 

9094  9111  9129  9146  9164  9182  9199  9217  9235 

9252 

7 

9270  9287  9305  9322  9340  9368  9375  9393  9410 

9428 

8 

9445  9463  9480  9498  9516  9533  -9660  9568  9585 

9602 

9 

9620  9637  9665  9672  9690  9707  9724  9742  9759 

9777  1 

250 

39794  39811  39829  39846  39863  39881  39898  39915  39933  39960 

TABLE  VI.— LOGARITHMS  OF  NUMBERS.     ;^y? 

N 

0123456   789 

250 

39794  39811  39829  39846  39863  39881  39898  39916  39933  39950 

9967  9985  40002  40019  40037  40054  40071  40088  40106  4)123 

40140  40167  0175  0192  0209  0226  0243  0261  0278  0295 

0312  0329  0346  0364  0381  0398  0415  0432  0449  0466 

0483  0500  0518  0535  0662  0669  0686  0603  0620  0637 

0654  0671  0688  0706  0722  0739  0766  077^  0790  0807 

0824  0841  0868  0875  0892  0909  0926  0943  0960  0976 

0993  1010  1027  1044  1061  1078  1095  1111  1128  1145 

1162  1179  1196  1212  1229  1246  1263  1280  1296  1313 

1330  1347  1363  1380  1397  1414  1430  1447  1464  1481 

260 

41497  41614  41631  41647  41664  41681  41697  41614  41631  41647 

1664  1681  1697  1714  1731  1747  1764  1780  1797  1814 

1830  1847  1863  1880  1896  1913  1929  1946  1963  1979 

1996  2012  2029  2046  2062  2078  2095  2111  2127  2144 

2160  2177  2193  2210  2226  2243  2259  2276  2292  2308 

2325  2341  2367  2374  2390  2406  2423  2439  2466  2472 

2488  2604  2521  2637  2663  2670  2586  2602  2619  2635 

2651  2667  2684  2700  2716  2732  2749  2765  2781  2797 

2813  2830  2846  2862  2878  2894  2911  2927  2943  2969 

2976  2991  3008  3024  3040  3066  3072  3088  3104  3120 

270 

43136  43162  43169  43185  43201  43217  43233  43249  43265  43281 

3297  3313  3329  3345  3361  3377  3393  3409  3425  3441 

3457  3473  3489  3605  8621  3537  3553  3569  3584  3600 

3616  8632  3648  3664  3680  3696  3712  3727  3743  3759 

3775  3791  3807  3823  3838  3854  3870  3886  3902  3917 

3933  3949  3965  3981  3996  4012  4028  4044  4059  4075 

4091  4107  4122  4138  4164  4170  4186  4201  4217  4232 

4248  4264  4279  4295  4311  4326  4342  4358  4373  4389 

4404  4420  4436  4461  4467  4483  4498  4614  4629  4645 

4660  4676  4692  4607  4623  4638  4654  4669  4685  4700 

2S0 

44716  44731  44747  44762  44778  44793  44809  44824  44840  44856 

4871  4886  4902  4917  4932  4948  4963  4979  4994  6010 

6025  6040  6066  6071  5086  6102  6117  6133  6148  6163 

6179  6194  6209  6225  5240  6256  6271  6286  6301  6317 

6332  6347  6362  6378  6393  6408  6423  6439  6464  6469 

5484  6500  6615  6630  6645  6561  6576  5691  6606  5621 

6637  6662  6667  6682  6697  6712  6728  5743  5768  5773 

6788  6803  6818  5834  6849  6864  6879  5894  6909  5924 

6939  6964  6969  6984  6000  6015  6030  6045  6060  6075 

6090  6105  6120  6135  6150  6165  6180  6195  6210  6225 

290 

46240  46255  46270  46285  46300  46315  46330  46345  46359  46374 

6389  6404  6419  6434  6449  6464  6479  6494  6509  6523 

6638  6563  6668  6683  6698  6613  6627  6642  6667  6672 

6687  6702  6716  6731  6746  6761  6776  6790  6805  6820 

6835  6850  6864  6879  6894  6909  6923  6938  6963  6967 

6982  6997  7012  7026  7041  7056  7070  7086  7100  7114 

7129  7144  7159  7173  7188  7202  7217  7232  7246  7261 

7276  7290  7305  7319  7334  7849  7363  7378  7392  7407 

7422  7436  7451  7465  7480  7494  7609  7624  7638  7553 

7567  7682  7696  7611  7626  7640  7664  7669  7683  7698 

800 

47712  47727  47741  47766  47770  47784  47799  47813  47828  47842 

298 

TABLE  VI.— LOGARITHMS  OF  NUMBERS. 

N 

0123456789 

800 

47712  47727  47741  47766  47770  47784  47799  47813  47828  47842 

1 

7857    7871    7885    7900    7914    7929    7943    7968    7972    7986 

2 

8001    8015    8029    8044    8068    8073    8087    8101    8116    8130 

3 

8144    8169    8173    8187    8202    8216    8230    8244    8269    8273 

4 

8287    8302    8316   8330   8344    8369    8373   8387    8401    8416 

5 

8430    8444    8468    8473    8487    8601    8616    8630    8644    8668 

6 

8672    8686    8601    8615    8629    8643    8657    8671    8686    8700 

7 

8714   8728   8742    8766    8770    8785    8799   8813    8827    8841 

8 

8866   8869    8883   8897    8911    8926    8940   8964   8968    8982 

9 

8996   9010   9024   9038   9062    9066    9080   9094   9108   9122 

310 

49136  49160  49164  49178  49192  49206  49220  49234  49248  49262 

1 

9276   9290    9304    9818    9332    9346    9360   9374   9388   9402 

2 

9416   9429   9448    9467    9471    9486   9499    9613    9627    9641 

3 

9654   9668   9682    9596    9610    9624    9638   9661   9666    9679 

4 

9693   9707    9721    9734   9748   9762    9776    9790   9803    9817 

5 

9831    9845    9859    9872    9886    9900    9914   9927    9941    9965 

6 

9969   9982    9996  60010  60024  60037  60061  60065  60079  60092 

7 

60106  60120  60133    0147    0161    0174    0188    0202    0215    0229 

8 

0243    0256    0270    0284    0297    0311    0325    0338   0362    0366 

•    9 

0379   0393   0406    0420   0433    0447    0461    0474   0488    0601 

820 

60615  60529  60642  50656  50669  60688  50696  60610  60623  60687 

1 

0661    0664   0678   0691    0705    0718   0732   0746   0769    0772 

2 

0786    0799    0813   0826    0840    0863    0866    0880    0893    0907 

3 

0920    0934    0947    0961    0974    0987    1001    1014    1028    1041 

4 

1055    1068    1081    1095    1108    1121    1135    1148    1162    1175 

5 

1188    1202    1215    1228    1242    1266    1268    1282    1295    1308 

6 

1322    1335    1348    1362    1375    1388    1402    1415    1428    1441 

7 

1455    1468    1481    1495    1508    1621    1534    1548    1661    1574 

8 

1587    1601    1614    1627    1640    1654    1667    1680    1693    1706 

9 

1720    1733    1746    1759    1772    1786    1799    1812    1825    1838 

830 

51851  51865  61878  61891  51904  61917  61930  61943  51957  51970 

1 

1983    1996    2009    2022    2035    2048    2061    2075    2088    2101 

2 

2114    2127    2140    2153    2166    2179    2192    2205    2218    2231 

3 

2244   2257    2270    2284    2297    2310    2323    2336    2349    2362 

4 

2375    2388    2401    2414    2427    2440    2453    2466    2479    2492 

5 

2504    2617    2530    2543    2556    2569    2582    2596    2608    2621 

6 

2634   2647    2660    2673    2686    2699    2711    2724    2737    2760 

7 

2763    2776    2789    2802    2815    2827    2840    2853    2866    2879 

8 

2892    2905    2917    2930    2943    2956    2969    2982    2994    3007 

9 

3020   3033   3046    3058    3071    3084    3097    3110   3122    3136 

340 

53148  53161  63173  53186  63199  63212  53224  53237  53250  63263 

1 

3275    3288    3301    3314    3326    3339    3352    3364    3377    3390 

2 

3403   3416   3428   3441    3453   3466   3479   3491    3504    3517 

3 

3529    3642    3555    3667    3580    3593    3605    3618    3631    3643 

4 

3656    3668    3681    3694    3706    3719    8732    3744    3767    3769 

5 

3782    3794    3807    3820    3832    3845    3867    3870    3882    3896 

6 

3908    3920    3933    3945    3958    3970    3983    3995    4008    4020 

7 

4033    4045    4058   4070    4083    4095    4108    4120   4133    4146 

8 

4158    4170    4183    4195    4208    4220    4233    4246    4258    4270 

9 

4283    4295    4307    4320    4332    4345    4357    4370    4382    4394 

850 

54407  54419  64432  64444  54456  64469  54481  54494  64606  54618 

TABLE  VI.— LOGARITHMS  OF  NUMBERS.     29S 

K 

0   12   34   567   89 

S50 

64407  64419  64432  64444  64466  64469  64481  64494  64606  54618 

1 

4631  4643  4656  4668  4680  4593  460i  4617  4630  4642 

2 

4654  4667  4679  4691  4704  4716  4728  4741  4753  4765 

8 

4777  4790  4802  4814  4827  4889  4851  4864  4876  4888 

4 

4900  4913  4925  4937  4949  4^2    4974  4986  4998  5011 

5 

6023  6035  6047  6060  6072  5084  5096  6108  6121  6133 

6 

5145  6157  6169  6182  5194  5206  5218  6230  5242  625i 

7 

5267  5279  5291  5303  6315  5328  5340  6352  5364  5376 

8 

6388  6400  6413 '5425  5437  6449  6461  5473  5485  5497 

9 

6509  5522  6634  6646  5558  5570  6582  5694  6606  5618 

880 

65630  65642  65654  65666  55678  55691  65703  65715  55727  55739 

1 

5751  5763  6775  6787  5799  5811  5823  5835  5847  5859 

2 

5871  5883  5895  5907  6919  6931  5943  5955  5967  5979 

8 

5991  6003  6015  6027  6038  6050  6062  6074  6086  6098 

4 

6110  6122  6134  6146  6168  6170  6182  6194  6205  6217 

6 

6229  6241  6253  6265  6277  6289  6301  6312  6324  6336 

6 

6348  6360  6372  6384  6396  6407  6419  6431  6443  6455 

7 

6467  6478  6490  6502  6614  6526  6538  6549  6561  6573 

8 

6585  6597  6608  6620  6632  6644  6656  6667  6679  6691 

9 

6703  6714  6726  6738  6750  6761  6773  6785  6797  680& 

870 

56820  56832  66844  56856  66867  66879  66891  66902  66914  56926 

1 

6937  6949  6961  6972  6984  6996  7008  7019  7031  7043 

2 

7054  7066  7078  7089  7101  7113  7124  7136  7148  7159 

8 

7171  7183  7194  7206  7217  7229  7241  7252  7264  7276 

4 

7287  7299  7310  7322  7334  7345  7357  7368  7380  7392 

6 

7403  7415  7426  7438  7449  7461  7473  7484  7496  7507 

6 

7519  7630  7542  7553  7565  7576  7588  7600  7611  7623 

7 

7634  7646  7657  7669  7680  7692  7703  7715  7726  7738 

8 

7749  7761  7772  7784  7795  7807  7818  7830  7841  7852 

9 

7864  7875  7887  7898  7910  7921  7933  7944  7955  7967 

8SO 

67978  67990  58001  58013  68024  58035  58047  58058  58070  58081 

1 

8092  8104  8115  8127  8138  8149  8161  8172  8184  8195 

2 

8206  8218  8229  8240  8252  8263  8274  8286  8297  8309 

8 

8320  8331  8343  8354  8365  8377  8388  8399  8410  8422 

4 

8433  8444  8456  8467  8478  8490  8501  8512  8524  8535 

6 

8546  8557  8569  8580  8591  8602  8614  8625  8636  8647 

6 

8669  8670  8681  8692  8704  8715  8726  8737  8749  8760 

7 

8771  8782  8794  8805  8816  8827  8838  8850  8861  8872 

8 

8883  8894  8906  8917  8928  8939  8950  8961  8973  8984 

9 

8995  9006  9017  9028  9040  9051  9062  9073  9084  9096 

890 

59106  59118  59129  59140  59151  69162  59173  69184  69195  59207 

1 

9218  9229  9240  9251  9262  9273  9284  9295  9306  9318 

2 

9329  9340  9351  9362  9373  9384  9395  9406  9417  9428 

8 

9439  9460  9461  9472  9483  9494  9506  9617  9628  9539 

4 

9650  9561  9572  9683  9594  9605  9616  9627  9638  9649 

5 

9660  9671  9682  9693  9704  9715  9726  9737  9748  9759 

6 

9770  9780  9791  9802  9813  9824  9835  9846  9857  9868 

7 

9879  9890  9901  9912  9923  9934  9945  9956  9966  9977 

8 

9988  9999  60010  60021  60032  60043  60054  60065  60076  60086 

9 

60097  60108  0119  0130  0141  0152  0163  0173  0184  0195 

400 

6O206  60217  60228  60239  60249  60260  60271  60282  60293  60304 

300  TABLE  VI.— LOGARITHMS  OF  NUMBERS. 


N 

0123456780 

400 

60206  60217  60228  60239  60249  60260  60271  60282  60293  60304 

1 

0314  0325  0336  0347  0358  0369  0379  0390  0401  0412 

8 

0423  0433  0444  0465  0466  0477  0487  0498  0609  0520 

8 

0531  0541  0562  0563  0574  0584  0695  0606  0617  0627 

4 

0638  0649  0660  0670  0681  0692  0703  0713  0724  073i 

5 

0746  0766  0767  0778  0788  0799  0810  0821  0831  0842 

6 

0863  0863  0874  088i  0895  0906  0917  0927  0938  0949 

7 

0959  0970  0981  0991  1002  1013.  1023  1034  1045  1056 

8 

1066  1077  1087  1098  1109  1119  1130  1140  1161  1162 

9 

1172  1183  1194  1204  1215  1226  1236  1247  1267  1268 

410 

61278  61289  61300  61310  61321  61331  61342  61362  61363  61374 

1 

1384  139i  1406  1416  1426  1437  1448  1468  1469  1479 

2 

1490  1600  1611  1521  1532  1542  1653  1563  1674  1684 

8 

1595  1606  1616  1627  1637  1648  1668  1669  1679  1690 

4 

1700  1711  1721  1731  1742  1762  1763  1773  1784  1794 

5 

1805  1815  1826  1836  1847  1867  1868  1878  1888  1899 

6 

1909  1920  1930  1941  1961  1962  1972  1982  1993  2003 

7 

2014  2024  2034  2045  2066  2066  2076  2086  2097  2107 

8 

2118  2128  2138  2149  2169  2170  2180  2190  2201  2211 

9 

2221  2232  2242  2252  2263  2273  2284  2294  2304  2315 

420 

62325  62335  62346  62366  62366  62377  62387  62397  62408  62418 

1 

2428  2439  2449  2469  2469  2480  2490  2500  2611  2521 

2 

2631  2642  2652  2662  2672  2683  2693  2603  2613  2624 

8 

2634  2644  2655  2665  2675  2686  2696  2706  2716  2726 

4 

2737  2747  2767  2767  2778  2788  2798  2808  2818  2829 

5 

2839  2849  2859  2870  2880  2890  2900  2910  2921  2931 

6 

2941  2951  2961  2972  2982  2992  3002  3012  3022  3033 

7 

3043  3063  3063  3073  3083  3094  3104  3114  3124  3134 

8 

3144  3155  3165  3175  3185  8196  3205  3216  3226  3236 

9 

3246  3256  3266  3276  3286  3296  3306  3317  3327  3337 

430 

63347  63357  63367  63377  63387  63397  63407  63417  63428  63438 

1 

3448  3458  3468  3478  8488  3498  3508  3518  8528  3538 

2 

3548  3568  3568  3579  3689  8699  3609  3619  8629  3639 

8 

3649  3659  3669  3679  3689  3699  3709  3719  3729  8739 

4 

8749  3769  3769  3779  8789  3799  3809  3819  8829  3839 

5 

3849  3859  3869  3879  3889  3899  3909  3919  3929  3939 

6 

3949  3959  3969  8979  3988  3998  4008  4018  4028  4038 

7 

4048  4068  4068  4078  4088  4098  4108  4118  4128  4137 

8 

4147  4157  4167  4177  4187  4197  4207  4217  4227  4237 

9 

4246  4266  4266  4276  4286  4296  4306  4316  4326  4335 

440 

64346  64355  64366  64375  64385  64395  64404  64414  64424  64434 

1 

4444  4454  4464  4473  4483  4493  4503  4613  4623  4532 

2 

4542  4552  4662  4572  4582  4591  4601  4611  4621  4631 

8 

4640  4650  4660  4670  4680  4689  4699  4709  4719  4729 

4 

4738  4748  4758  4768  4777  4787  4797  4807  4816  4826 

5 

4836  4846  4856  4865  4876  4885  4895  4904  4914  4924 

6 

4933  4943  4953  4963  4972  4982  4992  5002  6011  6021 

7 

5031  5040  5050  5060  5070  5079  5089  5099  5108  5118 

8 

5128  6137  6147  6157  6167  6176  5186  6196  6206  6215 

9 

6225  6234  6244  6264  5263  6273  6283  6292  6302  6312 

460 

66321  66331  65341  66360  66360  65369  66379  65389  65898  66408 

TABLE  VI.— 

LOGARITHMS  OP  NUMBERS. 

30] 

N 

O   1   2 

3   4   5   6   7   8 

9 

4&0 

66321  65331  66341  66360  66360  66369  66379  65389  65398  66408 

1 

6418  6427  6437 

6447  6456  6466  6475  6486  6495 

6604 

2 

6614  6623  6633 

6643  6552  5562  6671  6581  5691 

6600 

8 

6610  6619  6629 

6639  5648  6658  6667  6677  6686 

6696 

4 

6706  6716  5725 

6734  6744  5753  6763  6772  6782 

6792 

5 

6801  6811  6820 

6830  6839  6849  6858  6868  6877 

6887 

6 

6896  6906  6916 

6926  6935  6944  6964  6963  6978 

6982 

7 

6992  6001  6011 

6020  6030  6039  6049  6058  6068 

6077 

8 

6087  6096  6106 

6115  6124  6134  6143  6153  6162 

6172 

9 

6181  6191  6200 

6210  6219  6229  6238  6247  6257 

6266 

460 

66276  66285  66295  66304  66314  66323  66332  66342  66351  66361 

1 

6370  6380  6389 

6398  6408  6417  6427  6436  6446 

6455 

2 

6464  6474  6483 

6492  6502  6511  6521  6530  6539 

6549 

8 

6658  6667  6577 

6586  6596  6605  6614  6624  6633 

6642 

4 

6652  6661  6671 

6680  6689  6699  6708  6717  6727 

6736 

6 

6746  6755  6764 

6773  6783  6792  6801  6811  6820 

6829 

6 

6839  6848  6857 

6867  6876  6885  6894  6904  6913 

6922 

7 

6932  6941  6950 

6960  6969  6978  6987  6997  7006 

7016 

8 

7025  7034  7043 

7062  7062  7071  7080  7089  7099 

7108 

9 

7117  7127  7136 

7146  7164  7164  7173  7182  7191 

7201 

470 

67210  67219  67228  67237  67247  67266  67266  67274  67284  67293 

1 

7302  7311  7321 

7330  7339  7348  7357  7367  7376 

7385 

8 

7394  7403  7413 

7422  7431  7440  7449  7459  7468 

7477 

3 

7486  7496  7604 

7614  7523  7632  7641  7550  7660 

7669 

4 

7678  7587  7596 

7605  7614  7624  7633  7642  7651 

7660 

6 

7669  7679  7688 

7697  7706  7716  7724  7733  7742 

7752 

6 

7761  7770  7779 

7788  7797  7806  7816  7825  7834 

7843 

7 

7852  7861  7870 

7879  7888  7897  7906  7916  7925 

7934 

8 

7943  7962  7961 

7970  7979  7988  7997  8006  8015 

8024 

9 

8034  8043  8052 

8061  8070  8079  8088  8097  8106 

8115 

480 

68124  68133  68142  68151  68160  68169  68178  68187  68196  68206 

1 

8215  8224  8233 

8242  8251  8260  8269  8278  8287 

8296 

2 

8305  8314  8323 

8332  8341  8350  8359  8368  8377 

8386 

3 

8395  8404  8413 

8422  8431  8440  8449  8458  8467 

8476 

4 

8485  8494  8502 

8511  8520  8529  8538  8547  8566 

8566 

5 

8674  8583  8592 

8601  8610  8619  8628  8637  8646 

8665 

6 

8664  8673  8681 

8690  8699  8708  8717  8726  8736 

8744 

7 

8753  8762  8771 

8780  8789  8797  8806  8816  8824 

8833 

8 

8842  8851  8860 

8869  8878  8886  8895  8904  8913 

8922 

9 

8931  8940  8949 

8958  8966  8976  8984  8993  9002 

9011 

490 

69020  69028  69037  69046  69065  69064  69073  69082  69090  69099 

1 

9108  9117  9126 

9135  9144  9162  9161  9170  9179 

9188 

2 

9197  9206  9214 

9223  9232  9241  9249  9258  9267 

9276 

3 

9285  9294  9302 

9311  9320  9329  9338  9346  9366 

9364 

4 

9373  9381  9390 

9399  9408  9417  9425  9434  9443 

9452 

5 

9461  9469  9478 

9487  9496  9504  9513  9522  9531 

9539 

6 

9648  9557  9666 

9574  9583  9592  9601  9609  9618 

9627 

7 

9636  9644  9653 

9662  9671  9679  9688  9697  9705 

9714 

8 

9723  9732  9740 

9749  9758  9767  9775  9784  9793 

9801 

9 

9810  9819  9827 

9836  9845  9854  9862  9871  9880 

9888 

600 

69897  69906  69914  69923  69932  69940  69949  69968  69966  69976 

302 

TABLE  VI.— LOGARITHMS  OF  NUMBERS. 

N 

0   12   34   567   89 

500 

69897  69906  69914  69923  69932  69940  69949  69958  69966  69975 

1 

9984  9992  70001  70010  70018  70027  70036  70044  70053  70062 

2 

70070  70079  0088  0096  0105  0114  ai22  0131  0140  0148 

3 

0157  0165  0174  0183  0191  0200  0209  0217  U226  0234 

4 

0243  0252  0260  0269  0278  0286  0295  0303  0312  0321 

5 

0329  0338  0346  0355  0364  0372  0381  0389  0398  0406 

6 

0415  0424  0432  0441  0449  0458  0467  0475  0484  0492 

7 

0501  0509  0518  0526  0535  0544  0552  0561  0569  0578 

8 

0586  0595  0603  0612  0621  0629  0638  0646  0655  0663 

9 

0672  0680  0689  0697  0706  0714  0723  0731  0740  0749 

510 

70757  70766  70774  70783  70791  70800  70808  70817  70825  70834 

1 

0842  0851  0859  0868  0876  0885  0893  0902  0910  0919 

8 

0927  0935  0944  0952  0961  0969  0978  0986  0995  1003 

3 

1012  1020  1029  1037  1046  1054  1063  1071  1079  1088 

4 

1096  1105  1113  1122  1130  1139  1147  1155  1164  1172 

6 

1181  1189  1198  1206  1214  1223  1231  1240  1248  1257 

6 

1265  1273  1282  1290  1299  1307  1315  1324  1332  1341 

7 

1349  1357  1366  1374  1383  1391  1399  1408  1416  1425 

8 

1433  1441  1450  1458  1466  1475  1483  1492  1500  1608 

9 

1517  1526  1533  1542  1550  1559  1567  1575  1584  1692 

520 

71600  71609  71617  71625  71634  71642  71650  71669  71667  71675 

1 

1684  1692  1700  1709  1717  1725  1734  1742  1750  1769 

2 

1767  1775  1784  1792  1800  1809  1817  1825  1834  1842 

3 

1850  1858  1867  1875  1883  1892  1900  1908  1917  1925 

4 

1933  1941  1950  1958  1966  1975  1983  1991  1999  2008 

5 

2016  2024  2032  2041  2049  2057  2066  2074  2082  2090 

6 

2099  2107  2116  2123  2132  2140  2148  2166  2165  2173 

.  7 

2181  2189  2198  2206  2214  2222  2230  2239  2247  2265 

8 

2263  2272  2280  2288  2296  2304  2313  2321  2329  2337 

9 

2346  2364  2362  2370  2378  2387  2395  2403  2411  2419 

580 

72428  72436  72444  72462  72460  72469  72477  72485  72493  72501 

1 

2509  2518  2526  2534  2542  2550  2568  2667  2575  2583 

2 

2591  2699  2607  2616  2624  2632  2640  2648  2666  2665 

3 

2673  2681  2689  2697  2706  2713  2722  2730  2738  2746 

4 

2764  2762  2770  2779  2787  2795  2803  2811  2819  2827 

6 

2836  2843  2852  2860  2868  2876  2884  2892  2900  2908 

6 

2916  2925  2933  2941  2949  2957  2965  2973  2981  2989 

7 

2997  3006  3014  3022  3030  3038  3046  3054  3062  3070 

8 

3078  3086  3094  3102  3111  3119  3127  3135  3143  3161 

9 

3159  3167  3175  8183  3191  3199  3207  3215  3223  3231 

540 

73239  73247  73266  73263  73272  73280  73288  73296  73304  73312 

1 

3320  3328  3336  3344  3352  3360  3368  3376  3384  3392 

2 

3400  3408  3416  3424  3432  3440  3448  3456  3464  3472 

3 

3480  3488  3496  3504  3612  3520  3528  3536  3644  3552 

4 

3560  3568  3576  3584  3592  3600  3608  3616  3624  3632 

5 

3640  3648  3656  3664  3672  3679  3687  3695  3703  3711 

6 

3719  3727  3735  3743  3751  3759  3767  3775  3783  3791 

7 

3799  3807  3815  3823  3830  3838  3846  3854  3862  3870 

8 

3878  3886  3894  3902  3910  3918  3926  3933  3941  3949 

9 

3957  3966  3973  3981  3989  8997  4005  4013  4020  4028 

;5o 

74036  74044  74062  74060  74068  74076  74084  74092  74099  74107 

TABLE  VI.— LOGARITHMS  OF  NUMBERS. 

3o; 

N 

O   12   34   567   8 

9 

550 

74036  74044  74052  74060  74068  74076  74084  74092  74099  74107 

1 

4116  4123  4131  4139  4147  415i  4162  4170  4178 

4186 

2 

4194  4202  4210  4218  4226  4233  4241  4249  4257 

4265 

3 

4273  4280  4288  4296  4304  4312  4320  4327  4336 

4343 

4 

4361  4369  4367  4374  4382  4390  4398  4406  4414 

4421 

5 

4429  4437  444^  4463  4461  4468  4476  4484  4492 

4500 

6 

4607  4616  4523  4631  4639  4647  4564  4662  4570 

4578 

7 

4586  4693  4601  4609  4617  4624  4632  4640  4648 

4656 

8 

4663  4671  4679  4687  4695  4702  4710  4718  4726 

4733 

9 

4741  4749  4767  4764  4772  4780  4788  4796  4803 

4811 

560 

74819  74827  74834  74842  748^0  74868  74865  74873  74881  74889 

1 

4896  4904  4912  4920  4927  4935  4943  4950  4968 

4966 

2 

4974  4981  4989  4997  6005  6012  5020  6028  6036 

5043 

3 

6061  6069  6066  5074  6082  5089  6097  5105  6113 

6120 

4 

6128  5136  5143  5151  5159  5166  5174  5182  6189 

6197 

5 

5205  5213  5220  5228  6236  5243  5251  5259  5266 

5274 

6 

6282  5289  5297  6305  5312  5320  5328  5336  5343 

5351 

7 

6368  6366  5374  5381  5389  5397  5404  5412  5420 

6427 

8 

5435  5442  5450  5468  5466  5473  5481  5488  5496 

6504 

9 

6611  5519  5526  5634  5542  5649  5657  6565  5572 

5680 

570 

76687  76595  75603  76610  75618  75626  75633  75641  75648  76666 

1 

6664  5671  6679  6686  6694  6702  6709  5717  5724 

5732 

8 

5740  5747  5755  6762  6770  5778  5786  5793  5800 

5808 

8 

5816  5823  5831  5838  5846  6863  5861  5868  5876 

5884 

4 

6891  5899  6906  5914  5921  5929  5937  6944  5962 

6959 

6 

5967  5974  5982  5989  6997  6005  6012  6020  6027 

6035 

6 

6042  6050  6057  6065  6072  6080  6087  6095  6103 

6110 

7 

6118  6125  6133  6140  6148  6155  6163  6170  6178 

6185 

8 

6193  6200  6208  6215  6223  6230  6238  6246  6263 

6260 

9 

6268  6276  6283  6290  6298  6305  6313  6320  6328 

6335 

580 

76343  76350  76358  76365  76378  76380  76388  76395  76403  76410 

1 

6418  6425  6433  6440  6448  6455  6462  6470  6477 

6485 

2 

6492  6500  6607  6615  6622  6630  6637  6645  6552 

6669 

8 

6667  6674  6682  6689  6597  6604  6612  6619  6626 

6634 

4 

6641  6649  6656  6664  6671  6678  6686  6693  6701 

6708 

6 

6716  6723  6730  6738  6745  6763  6760  6768  6775 

6782 

6 

6790  6797  6805  6812  6819  6827  6834  6842  6849 

6856 

7 

6864  6871  6879  6886  6893  6901  6908  6916  6923 

6930 

8 

6938  6945  6953  6960  6967  6975  6982  6989  6997 

7004 

9 

7012  7019  7026  7034  7041  7048  7056  7063  7070 

7078 

590 

77085  77093  77100  77107  77115  77122  77129  77137  77144  77161 

1 

7159  7166  7173  7181  7188  7195  7203  7210  7217 

7225 

2 

7232  7240  7247  7264  7262  7269  7276*7283  7291 

7298 

8 

7305  7313  7320  7327  7335  7342  7349  7357  7364 

7371 

4 

7379  7386  7393  7401  7408  7416  7422  7430  7437 

7444 

6 

7452  7459  7466  7474  7481  7488  7495  7503  7510 

7617 

6 

7525  7532  7539  7646  7554  7561  7568  7576  7583 

7590 

7 

7597  7605  7612  7619  7627  7634  7641  7648  7656 

7663 

8 

7670  7677  7685  7692  7699  7706  7714  7721  7728 

7736 

9 

7743  7750  7757  7764  7772  7779  7786  7793  7801 

7808 

600 

77815  77822  77830  77837  77844  77851  77859  77866  77873  77880 

04 

TABLE  VI.— LOGARITHMS  OF  NUMBWRS. 

N 

0123456780 

^00 

77816  77822  77830  77837  77844  77851  77869  77866  77873  77880 

1 

7887    7895    7902    7909    7916    7924    7931    7938    7946    7952 

2 

7960    7967    7974    7981    7988    7996    8003    8010    8017    802i 

8 

8032    8039    8046    8053    8061    8068    8075    8082    8089    8097 

4 

8104    8111    8118    8126    8132    8140   8147    8154   8161    8168 

5 

8176    8183    8190    8197    8204    8211    8219    8226    8233    8240 

6 

8247    8254    8262    8269   8276    8283    8290    8297    8305    8312 

7 

8319    8326    8333    8340    8347    8355    8362    8369   8376    8383 

8 

8390    8398    8405    8412    8419    8426    8433    8440    8447    8455 

9 

8462   8469   8476    8483   8490    8497    8504    8612    8619    8526 

SIO 

78533  78640  78547  78564  78561  78569  78676  78683  78590  78697 

1 

8604    8611    8618    8626    8633    8640    8647    8654    8661    8668 

8 

8675    8682    8689    8696    8704    8711    8718    8725    8732    8739 

8 

8746    8763    8760    8767    8774    8781    8789   8796    8803    8810 

4 

8817    8824    8831    8838    8846    8852    8869   8866    8873    8880 

5 

8888    8895    8902    8909    8916    8923    8930   8937    8944    8951 

6 

8958    8965    8972    8979    8986    8993    9000   9007    9014    9021 

7 

9029    9036    9043    9050    9057    9064    9071    9078    9085    9092 

8 

9099   9106   9113   9120    9127    9134    9141    9148   9166    9162 

9^ 

9169    9176   9183    9190   9197    9204    9211    9218   9226    9232 

820 

79239  79246  79263  79260  79267  79274  79281  79288  79296  79302 

1 

9309   9316    9323    9330    9337    9344    9351    9358    9366    9372 

2 

9379    9386    9393    9400    9407    9414    9421    9428    9435    9442 

8 

9449    9466    9463    9470    9477    9484    9491    9498    9505    9511 

4 

9618   9625   9532    9539   9546    9563    9660    9667    9674    9581 

6 

9688    9695    9602    9609    9616    9623    9630    9637    9644    9650 

6 

9657    9664    9671    9678    9686    9692    9699    9706    9713    9720 

7 

9727    9734    9741    9748    9764    9761    9768    9776   9782    9789 

8 

9796   9803    9810   9817    9824    9831    9837    9844   9851    9858 

9 

9866   9872    9879   9886    9893   9900   9906   9913   9920    9927 

880 

79934  79941  79948  79965  79962  79969  79976  79982  79989  79996 

1 

80003  80010  80017  80024  80030  80037  80044  80051  80068  80065 

2 

0072    0079    0086    0092    0099   0106    0113    0120    0127    0134 

8 

0140    0147    0154    0161    0168    0175    0182    0188    0196    0202 

4 

0209    0216    0223    0229    0236    0243    0260   0257    0264    0271 

6 

0277    0284    0291    0298    0305    0312    0318   0325    0332    0339 

6 

0346    0353    0359    0366    0373   0380    0387    0393    0400    0407 

7 

0414    0421    0428    0434    0441    0448    0455    0462    0468    0475 

8 

0482    0489    0496    0502    0509   0616    0623    0630    0536    0543 

9 

0660    0557    0564    0570    0677    0684    0591    0598   0604    0611 

640 

80618  80625  80632  8063P  S0646  80652  80669  80666  80672  80679 

1 

0686    0693    0699    0706    0713    0720    0726    0733    0740    0747 

2 

0754    0760    0767    0774    0781    0787    0794    0801    0808    0814 

8 

0821    0828    0835    0841    0848    0855    0862    0868    0876    0882 

4 

0889   0895    0902    0909    0916    0922    0929    0936    0943    0949 

6 

0956    0963    0969    0976    0983    0990    0996    1003    1010    1017 

S 

1023    1030    1037    1043    1050    1067    1064    1070    1077    1084 

7 

1090    1097    1104    1111    1117    1124    1131    1137    1144    1151 

8 

1168    1164    1171    1178    1184    1191    1198    1204    1211    1218 

9 

1224    1231    1238    1245    1261    1258    1265    1271    1278    1285 

650 

81291  81298  81305  81311  81318  81325  81331  81338  81345  81861 

TABLE  VI.— LOGARITHMS  OF  NUMBERS.     30 

N 

0123456789 

650 

81291  81298  81305  81311  81318  81325  81331  81338  8134i  81351 

1 

1368  1365  1371  1378  1385  1391  1398  1405  1411  1418 

2 

1425  1431  1438  1445  1451  1458  1465  1471  1478  1485 

8 

1491  1498  1505  1511  1518  1625  1531  1538  1544  1551 

4 

1558  1564  1571  1578  1584  1591  ,1598  1604  1611  1617 

6 

1624  1631  1687  1644  1651  1657  1664  1671  1677  1684 

6 

1690  1697  1704  1710  1717  1723  1730  1737  1743  1750 

7 

1757  1763  1770  1776  1783  1790  1796  1803  1809  1816 

8 

1823  1829  1836  1842  1849  1856  1862  1869  1876  1882 

9 

1889  1895  1902  1908  1915  1»21  1928  1935  1941  1948 

660 

81954  81961  81968  81974  81981  81987  81994  82000  82007  82014 

1 

2020  2027  2033  2040  2046  2053  2060  2066  2073  2079 

2 

2086  2092  2099  2105  2112  2119  2125  2132  2138  2145 

8 

2151  2158  2164  2171  2178  2184  2191  2197  2204  2210 

4 

2217  2223  2230  2236  2243  2249  2256  2263  2269  2276 

6 

2282  2289  2295  2302  2308  2315  2321  2328  2334  2341 

6 

2347  2354  2360  2367  2373  2380  2387  2393  2400  2406 

7 

2413  2419  2426  2432  2439  2445  2452  2458  2465  2471 

8 

2478  2484  2491  2497  2504  2510  2517  2523  2630  2536 

9 

2643  2549  2656  2562  2569  2675  2582  2688  2695  2601 

670 

82607  82614  82620  82627  82633  82640  82646  82653  82669  82666 

1 

2672  2679  2686  2692  2698  2705  2711  2718  2724  2730 

2 

2737  2743  2750  2766  2763  2769  2776  2782  2789  2795 

8 

2802  2808  2814  2821  2827  2834  2840  2847  2863  2860 

4 

2866  2872  2879  2886  2892  2898  2905  2911  2918  2924 

6 

2930  2937  2943  2950  2956  2963  2969  2976  2982  2988 

6 

2995  3001  3008  3014  3020  3027  3033  3040  3046  3052 

7 

8059  3066  3072  3078  3085  3091  3097  3104  3110  3117 

8 

3123  3129  3136  3142  3149  3165  3161  3168  3174  3181 

9 

3187  3193  3200  3206  3213  3219  3226  3232  3238  3245 

680 

83261  83267  83264  83270  83276  83283  83289  83296  83302  83308 

1 

3315  3321  3327  3334  3340  3347  3353  3359  3366  3372 

2 

8378  3385  3391  3398  3404  3410  3417  3423  3429  3436 

8 

3442  3448  3465  3461  3467  3474  3480  3487  3493  3499 

4 

3506  3512  3618  3525  3531  3537  3544  3560  3566  3563 

6 

3669  3676  3582  3588  3694  3601  3607  3613  3620  3626 

6 

3632  3639  3645  3651  3668  3664  3670  3677  3683  3689 

7 

3696  3702  3708  3715  3721  3727  37:^  3740  3746  3763 

8 

3769  3766  3771  3778  3784  3790  3797  3803  3809  3816 

9 

3822  3828  3835  3841  3847  3863  3860  3866  3872  3879 

690 

83885  83891  83897  83904  83910  83916  83923  83929  83936  83942 

1 

3948  3964  3960  3967  3973  3979  3985  3992  3998  4004 

2 

4011  4017  4023  4029  4036  4042  4048  4055  4061  4067 

8 

4073  4080  4086  4092  4098  4105  4111  4117  4123  4130 

4 

4136  4142  4148  4155  4161  4167  4173  4180  4186  4192 

5 

.  4198  4205  4211  4217  4223  4230  4236  4242  4248  4255 

6 

4261  4267  4273  4280  4286  4292  4298  4305  4311  4317 

7 

4323  4330  4336  4342  4348  4354  4361  4367  4373  4379 

8 

4386  4392  4398  4404  4410  4417  4423  4429  4436  4442 

9 

4448  4464  4460  4466  4473  4479  4485  4491  4497  4504 

700 

84610  84616  84622  84628  84535  84641  84647  84563  84659  84666 

306 

TABLE  VI.— LOGARITHMS  OF  NUMBERS. 

N 

0123456789 

700 

84510  84516  84522  84528  84535  84541  84547  84558  84559  84566 

1 

4572    4578    4584    4590    4597    4603    4609    4615   4621    4628 

8 

4634    4640    4646    4652    4658    4665    4671    4677    4683   4689 

8 

4696    4702    4708    4714    4720    4726    4733   4739   4745    4751 

4 

4757    4763   4770    4776   4782    4788   4794   4800   4807   4813 

5 

4819    4825   4831    4837    4844   4850   4856    4862   4868   4874 

6 

4880    4887    4893    4899    4905    4911    4917    4924    4930   4936 

7 

4942    4948    4954    4960    4967    4973    4979   4985    4991    4997 

8 

5003    5009    5016    5022    5028    5034    5040    5046    5052    5058 

9 

5065    5071    5077    5083    6089    5095   5101    5107    5114    5120 

710 

85126  85132  85138  85144  85150  85156  85163  85169  85175  85181 

1 

5187    5193    5199    5205    5211    5217    5224    5230    5236    5242 

8 

5248    5254    5260    5266    5272    5278    5285    5291    5297    5303 

3 

5309    5315    5321    5327    5333    5339    5345    5352    5358    5364 

4 

5370    5376    5382    5388    5394    5400    5406    5412    5418    5425 

6 

5431    5437    5443    5449    5455    5461    ^^67    5473    5479    5486 

6 

5491    5497    5503    5509    5516    5522    6528    5534    5540    6646 

7 

5552    5558    5564    5570    5576    55C2    5588   5594    6600    5606 

8 

5612    5618    5625    5631    5637    5643    5649    6655    5661    5667 

9 

5673    5679    5685    5691    5697    5703    6709   5715   5721    6727 

720 

85733  85739  85745  85751  85757  85763  85769  85775  85781  86788 

1 

5794    5800    5806    5812    5818    6824    6830    5836    5842    5848 

2 

6854    5860   5866    5872    6878   5884    5890   6896   5902    5908 

8 

5914    5920    5926    6932    6938    5944    6950    5956    5962    5968 

4 

5974    5980   5986    6992    5998   6004   6010   6016   6022    6028 

6 

6034   6040   6046   6052    6058   6064   6070   6076   6082    6088 

6 

6094   6100    6106    6112    6118    6124    6130   6136   6141    6147 

7 

6163    6159    6165    6171    6177    6183   6189   6195   6201    6207 

8 

6213    6219    6225    6231    6237    6243    6249   6255    6261    6267 

9 

6273   6279   6285    6291    6297    6303   6308   6314   6320    6326 

730 

86332  86338  86344  86350  86366  86362  86368  86374  86380  86386 

1 

6392    6398    6404    6410    6415    6421    6427    6433   6439    6446 

2 

6451    6457    6463    6469    6475    6481    6487.  6493   6499    6504 

3 

6510    6516    6522    6528    6534    6540    6546    6552    6558    6664 

4 

6570   6576   6581    6587    6593   6599   6605   6611    6617    6623 

6629  6635  6641  6646  6662  6658  6664  6670  6676  6682 

6688  6694  6700  6705  6711  6717  6723  6729  6735  6741 

6747  6753  6759  6764  6770  6776  6782  6788  6794  6800 

6806  6812  6817  6823  6829  6836  6841  6847  6853  6859 

6864  6870  6876  6882  6888  6894  6900  6906  6911  6917 

86923  86929  86935  86941  86947  86953  86958  86964  86970  86976 

6982  6988  6994  6999  7005  7011  7017  7023  7029  7035 

7040  7046  7062  7068  7064  7070  7076  7081  7087  7093 

7099  7105  7111  7116  7122  7128  7134  7140  7146  7161 

7157  7163  7169  7175  7181  7186  7192  7198  7204  7210 

7216  7221  7227  7233  7239  7245  7251  7256  7262  7268 

7274  7280  7286  7291  7297  7303  7309  7315  7320  7326 

7332  7338  7344  7349  7355  7361  7367  7373  7379  7384 

7390  7396  7402  7408  7413  7419  7425  7431  7437  7442 

7448  7454  7460  7466  7471  7477  7483  7489  7495  7600 

87506  87612  87518  87623  87529  87536  87541  87647  87662  87668 
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N 


28456789 


750 

1 
2 
3 
4 
5 
6 
7 
8 
9 

760 
1 
2 
3 

4 
5 
6 
7 
8 
9 

770 

1 
2 
3 
4 
5 
6 
7 
8 
9 


87606  87612  87618  87623  87529  87635  87641  87647  87662  87668 

7564  7670  7676  7681  7687  7693  7699  7604  7610  7616 

7622  7628  7633  7639  7645  7661  7666  7662  7668  7674 

7679  7686  7691  7697  7703  7708  7714  7720  7726  7731 

7737  7743  7749  7764  7760  7766  7772  7777  7783  7789 

7795  7800  7806  7812  7818  7823  7829  783i  7841  7846 

7852  7858  7864  7869  7876  7881  7887  7892  7898  7904 

7910  7916  7921  7927  7933  7938  7944  7950  7966  7961 

7967  7973  7978  7984  7990  7996  8001  8007  8013  8018 

8024  8030  8036  8041  8047  8063  8068  8064  8070  8076 

88081  88087  88093  88098  88104  88110  88116  88121  88127  88133 

8138  8144  8150  8166  8161  8167  8173  8178  8184  8190 

8195  8201  8207  8213  8218  8224  8230  8236  8241  8247 

8252  8268  8264  8270  8276  8281  8287  8292  8298  8304 

8309  8316  8321  8326  8332  8338  8343  8349  8365  8360 

8366  8372  8377  8383  8389  8395  8400  8406  8412  8417 

8423  8429  8434  8440  8446  8451  8467  8463  8468  8474 

8480  8485  8491  8497  8502  8508  8513  8519  8625  8630 

8536  8542  8647  8553  8659  8564  8570  8576  8581  8687 

8593  8698  8604  8610  8616  8621  8627  8632  8638  8643 

88649  88665  88660  88666  88672  88677  88683  88689  88694  88700 

8705  8711  8717  8722  8728  8734  8739  8745  8760  8766 

8762  8767  8773  8779  8784  8790  8795  8801  8807  8812 

8818  8824  8829  8835  8840  8846  8862  8867  8863  8868 

8874  8880  8885  8891  8897  8902  8908  8913  8919  8925 

8930  8936  8941  8947  8953  8968  8964  8969  8975  8981 

8986  8992  8997  9003  9009  9014  9020  9025  9031  9037 

9042  9048  9053  9059  9064  9070  9076  9081  9087  9092 

9098  9104  9109  9115  9120  9126  9131  9137  9143  9148 

9154  9169  9165  9170  9176  9182  9187  9193  9198  9204 


780  89209  89215  89221  89226  89232  89237  89243  89248  89264  89260 


1 
2 
3 
4 
5 
6 
7 
8 
9 

790 
1 
2 
3 

4 
5 
6 
7 
8 
9 

800 


9266  9271  9276  9282  9287  9293  9298  9304  9310  9316 

9321  9326  9332  9337  9343  9348  9364  9360  9366  9371 

9376  9382  9387  9393  9398  9404  9409  9415  9421  9426 

9432  9437  9443  9448  9464  9469  9465  9470  9476  9481 

9487  9492  9498  9504  9509  9515  9520  9526  9631  9537 

9542  9548  9553  9559  9564  9570  9676  9581  9586  9692 

9697  9603  9609  9014  9620  9625  9631  9636  9642  9647 

9663  9668  9664  9669  9675  9680  9686  9691  9697  9702 

9708  9713  9719  9724  9730  9735  9741  9746  9752  9767 

89763  89768  89774  89779  89785  89790  89796  89801  89807  89812 

9818  9823  9829  9834  9840  9846  9851  9856  9862  9867 

9873  9878  9883  9889  9894  9900  9906  9911  9916  9922 

9927  9933  9938  9944  9949  9965  9960  9966  9971  9977 

9982  9988  9993  9998  90004  90009  90015  90020  90026  90031 

90037  90042  90048  90063  0059  0064  0069  0075  0080  0086 

0091  0097  0102  0108  0113  0119  0124  0129  0135  0140 

0146  0161  0157  0162  0168  0173  0179  0184  0189  0195 

0200  0206  0211  0217  0222  0227  02;33  0238  0244  0249 

0265  0260  0266  0271  0276  0282  0287  0293  0298  0304 

00800  00814  90320  90326  90331  90336  90342  90347  90362  90368 


508 

TABLE  VI.— LOGARITHMS  OF  NUMBERS. 

N 

012345678 

O 

800 

90309  90314  90320  90326  90331  90336  90342  90Sl^7  90362  90358  | 

1 

0363    0369    0374   0380    038i    0390    0396    0401    0407 

0412 

2 

0417    0423    0428    0434   0439    044^    04^0    0466    0461 

0466 

3 

0472    0477    0482    0488    0493    0499    0604    0609    061i 

0520 

4 

0626    0631    0636    0642    0647    0663    0668    0663    0669 

0574 

5 

0680   0685    0690   0696   0601    0607    0612    0617    0623 

0628 

6 

0634   0639   0644   06^0   0666   0660   0666    0671    0677 

0682 

7 

0687    0693    0698   0703   0709   0714    0720    0726   0730 

0736 

8 

0741    0747    0762    0767    0763   0768   0773   0779   0784 

0789 

9 

079i    0800    0806    0811    0816    0822    0827    0832   0838 

0843 

810 

90849  90864  90869  90865  90870  90876  90881  90886  90891  90897 

1 

0902    0907    0913    0918    0924    0929    0934    0940    0945 

0960 

2 

0966   0961    0966    0972   0977    0982    0988    0993   0998 

1004 

3 

1009    1014    1020    1026    1030    1036    1041    1046    1062 

1057 

4 

1062    1068    1073    1078    1084    1089    1094    1100    1106 

1110 

5 

1116    1121    1126    1132    1137    1142    1148    1163    1168 

1164 

6 

1169    1174    1180    1185    1190    1196    1201    1206    1212 

1217 

7 

1222    1228    1233    1238    1243    1249    1264    1269    1265 

1270 

8 

1276    1281    1286    1291    1297    1302    1307    1312    1318 

1323 

9 

1328    1384    1339    1344    1350    1365    1360    1366    1371 

1376 

820 

91381  91387  91392  91397  91403  91408  91413  91418  91424  91429 

1 

1434    1440    1445    1460    1466    1461    1466    1471    1477 

1482 

2 

1487    1492    1498    1603    1608    1614    1619    1624    1629 

163i 

8 

1640    1646    1661    1666    1661    1666    1672    1677    1682 

1587 

4 

1693    1698    1603    1609    1614    1619    1624    1630    1635 

1640 

5 

1646    1661    1666    1661    1666    1672    1677    1682    1687 

1693 

6 

1698    1703    1709    1714    1719    1724    1730    1735    1740 

1745 

7 

1761    1766    1761    1766    1772    1777    1782    1787    1793 

1798 

8 

1803    1808    1814    1819    1824    1829    1834    1840    1845 

1850 

9 

1866    1861    1866    1871    1876    1882    1887    1892    1897 

1903 

880 

91908  91913  91918  91924  91929  91934  91939  91944  91950  91955 

1 

1960    1966    1971    1976    1981    1986    1991    1997    2002 

2007 

2 

2012    2018    2023    2028    2033    2038    2044    2049    2064 

2059 

3 

2065    2070    2075    2080    2085    2091    2096    2101    2106 

2111 

4 

2117    2122    2127    2132    2137    2143    2148    2163    2168 

2163 

6 

2169    2174    2179    2184    2189    2195    2200    2206    2210 

2215 

6 

2221    2226    2231    2236    2241    2247    2262    2267    2262 

2267 

7 

2273    2278    2283    2288    2293    2298    2304    2309    2314 

2319 

8 

2324    2330    2335    2340    2345    2360    2365    2361    2366 

2371 

9 

2376    2381    2387    2392    2397    2402    2407    2412    2418 

2423 

840 

92428  92433  92438  92443  92449  92464  92469  92464  92469  92474 

1 

2480    2485    2490    2495    2600    2605    2611    2516    2621 

2526 

2 

2631    2536    2542    2547    2552    2657    2562    2567    2672 

2578 

8 

2683    2588    2693    2598    2603    2609    2614    2619    2624 

2629 

2634  2639  2645  2650  2655  2660  2666  2670  2676  2681 

2686  2691  2696  2701  2706  2711  2716  2722  2727  2732 

2737  2742  2747  2762  2758  2763  2768  2773  2778  2783 

2788  2793  2799  2804  2809  28r4  2819  2824  2829  2834 

2840  2845  2850  2865  2860  2865  2870  2876  2881  2886 

2891  2896  2901  2906  2911  2916  29^21  2927  2932  2037 

92942  02947  92952  92957  92962  92967  92973  92978  92983  92988 


TABLE  VI.— LOGARITHMS  OF  NUMBERS.     301 

N 

01234567   89 

850 

92942  92947  92962  92967  92962  92967  92973  92978  92983  92988 

1 

2993  2998  3003  3008  3013  3018  3024  3029  3034  3039 

2 

3044  3049  3064  3069  3064  3069  3075  3080  308i  3090 

8 

309i  3100  3106  3110  3116  3120  3126  3131  3136  3141 

4 

3146  3161  3166  3161  3166  3171  3176  3181  3186  3192 

5 

3197  8202  3207  3212  3217  3222  8227  3232  3237  3242 

6 

3247  3252  3268  3263  3268  3273  3278  3283  3288  3293 

7 

3298  3303  3308  3313  3318  3323  3328  3334  3339  3344 

8 

3349  3364  3369  3364  3369  3374  3379  3384  8389  3394 

9 

3399  3404  8409  3414  3420  342i  3430  343i  3440  344^ 

8«0 

93450  93465  93460  93465  93470  93476  93480  93486  93490  93496 

1 

3600  3606  3610  8616  3620  3626  3681  3636  3641  3546 

8 

3561  3666  3661  3566  3671  3676  8581  8686  3691  3596 

8 

3601  3606  3611  3616  3621  3626  8631  3636  3641  3646 

4 

3661  3666  3661  3666  3671  3676  3682  3687  3692  3697 

5 

3702  3707  3712  3717  3722  3727  3732  3737  3742  3747 

6 

3762  3767  3762  8767  3772  3777  8782  8787  3792  3797 

7 

3802  3807  3812  3817  3822  3827  3832  3837  3842  3847 

8 

3862  3867  3862  8867  3872  3877  3882  3887  3892  3897 

9 

3902  3907  3912  3917  3922  3927  3932  3937  3942  3947 

870 

93962  93967  93962  93967  93972  93977  93982  93987  93992  93997 

1 

4002  4007  4012  4017  4022  4027  4032  4037  4042  4047 

8 

4062  4067  4062  4067  4072  4077  4082  4086  4091  4096 

8 

4101  4106  4111  4116  4121  4126  4131  4136  4141  4146 

4 

4161  4166  4161  4166  4171  4176  4181  4186  4191  4196 

6 

4201  4206  4211  4216  4221  4226  4231  4236  4240  4246 

6 

4260  4266  4260  4266  4270  4276  4280  4286  4290  4296 

7 

4300  4305  4310  4315  4320  4325  4330  4335  4340  4345 

8 

4349  4364  4369  4364  4369  4374  4379  4384  4389  4894 

9 

4399  4404  4409  4414  4419  4424  4429  4433  4438  4443 

880 

94448  94463  94468  94463  94468  94473  94478  94483  94488  94493 

1 

4498  4603  4607  4612  4617  4522  4627  4632  4637  4542 

2 

4647  4552  4557  4562  4567  4571  4576  4581  4586  4591 

8 

4696  4601  4606  4611  4616  4621  4626  4630  4636  4640 

4 

4646  4660  4656  4660  4665  4670  4675  4680  4685  4689 

5 

4694  4699  4704  4709  4714  4719  4724  4729  4734  4738 

6 

4743  4748  4753  4758  4763  4768  4773  4778  4783  4787 

7 

4792  4797  4802  4807  4812  4817  4822  4827  4832  4836 

8 

4841  4846  4851  4856  4861  4866  4871  4876  4880  4885 

9 

4890  4896  4900  4905  4910  4915  4919  4924  4929  4934 

800 

94939  94944  94949  94964  94969  94968  94968  94973  94978  94983 

1 

4988  4993  4998  5002  6007  5012  5017  6022  6027  6032 

2 

5036  5041  6046  6051  6066  6061  6066  6071  5076  5080 

8 

5085  5090  6095  6100  5105  5109  6114  6119  6124  6129 

4 

6134  6139  6148  6148  6153  6158  6163  6168  6178  5177 

5 

5182  6187  6192  6197  5202  5207  5211  6216  5221  5226 

6 

6231  6236  6240  5246  5250  6256  5260  5265  6270  6274 

7 

6279  6284  6289  6294  6299  6303  5308  6313  5318  5323 

8 

6328  6332  6337  6342  5347  5352  5357  6361  6366  5871 

9 

6376  6881  6386  6390  6395  6400  6405  6410  6415  6419 

too 

96424  96429  96484  96439  96444  95448  96463  96468  96463  95468] 

310 

TABLE  VI.— LOGARITHMS  OP  NUMBERS. 

N 

01234567S9! 

900 

96424  96429  96434  96439  96444  96448  96463  96468  96463  96468 

1 

6472  6477  6482  6487  6492  6497  6601  6606  6611  6616 

2 

6621  6626  6530  6636  6640  654^  66^0  6664  6669  6564 

8 

6669  6674  6578  6583  5688  6693  6698  6602  6607  6612 

4 

6617  6622  6626  6631  6636  6641  6646  6660  6666  6660 

5 

5665  6670  6674  6679  6684  6689  5694  6698  6703  6708 

6 

5713  6718  5722  6727  6732  6737  6742  6746  6761  5766 

7 

6761  6766  6770  6776  5780  6785  6789  5794  6799  5804 

8 

6809  6813  5818  5823  6828  6832  5837  6842  6847  6862 

9 

5856  6861  5866  5871  5875  6880  6885  6890  6895  6899 

910 

95904  96909  96914  95918  95923  96928  96933  96938  96942  96947 

1 

6962  6957  6961  5966  5971  6976  6980  6986  6990  6995 

2 

6999  6004  6009  6014  6019  6023  6028  6033  6038  6042 

3 

6047  6062  6067  6061  6066  6071  6076  6080  6086  6090 

4 

6095  6099  6104  6109  6114  6118  6123  6128  6133  6137 

5 

6142  6147  6152  6166  6161  6166  6171  6176  6180  6185 

6 

6190  6194  6199  6204  6209  6213  6218  6228  6227  6232 

7 

6237  6242  6246  6261  6266  6261  6266  6270  6275  6280 

8 

6284  6289  6294  6298  6303  6308  6313  6317  6322  6327 

9 

6332  6336  6341  6346  6360  6366  6360  6365  6369  6374 

920 

96379  96384  96388  96393  96398  96402  96407  96412  96417  96421 

1 

6426  6431  6435  6440  6445  6450  6464  6469  6464  6468 

2 

6473  6478  6483  6487  6492  6497  6501  6606  6611  6616 

8 

6620  6525  653Q  6534  6539  6544  6548  6663  6568  6662 

4 

6667  6572  6577  6581  6586  6691  6696  6600  6605  6609 

6 

6614  6619  6624  6628  6633  6638  6642  6647  6662  6666 

6 

6661  6666  6670  6676  6680  6685  6689  6694  6699  6703 

7 

6708  6713  6717  6722  6727  6731  6736  6741  6746  6750 

8 

6755  6759  6764  6769  6774  6778  6783  6788  6792  6797 

9 

6802  6806  6811  6816  6820  6825  6830  6834  6839  6844 

980 

96848  96863  96858  96862  96867  96872  96876  96881  96886  96890 

1 

6895  6900  6904  6909  6914  6918  6923  6928  6932  6937 

2 

6942  6946  6951  6966  6960  6965  6970  6974  6979  6984 

3 

6988  6993  6997  7002  7007  7011  7016  7021  7025  7030 

4 

7035  7039  7044  7049  7053  7058  7063  7067  7072  7077 

5 

7081  7086  7090  7095  7100  7104  7109  7114  7118  7123 

6 

7128  7132  7137  7142  7146  7161  7166  7160  7165  7169 

7 

7174  7179  7183  7188  7192  7197  7202  7206  7211  7216 

8 

7220  7225  7230  7234  7239  7243  7248  7253  7267  7262 

9 

7267  7271  7276  7280  7286  7290  7294  7299  7304  7808 

940 

97313  97317  97322  97327  97331  97336  97340  97345  97350  97354 

1 

7359  7364  7368  7373  7377  7382  7387  7391  7396  7400 

2 

7405  7410  7414  7419  7424  7428  7433  7437  7442  7447 

8 

7451  7456  7460  7465  7470  7474  7479  7483  7488  7493 

4 

7497  7502  7506  7611  7616  7620  7625  7529  7534  7639 

5 

7543  7548  7552  7557  7562  7566  7671  7676  7680  7585 

6 

7689  7694  7598  7603  7607  7612  7617  7621  7626  7630 

7 

7635  7640  7644  7649  7663  7668  7663  7667  7672  7676 

8 

7681  7685  7690  7695  7699  7704  7708  7713  7717  7722 

9 

7727  7731  7736  7740  7745  7749  7764  7769  7763  7768 

9M 

97772  97777  97782  97786  97791  97795  97800  97804  97809  97813 

TABLE  VI.— LOGARITHMS  OF  NUMBERS.     31 

N 

01234567   80 

950 

97772  97777  97782  97786  97791  97795  97800  97804  97809  9781^ 

7818  7823  7827  7832  7836  7841  7846  7860  7865  7861 

7864  7868  7873^  7877  7882  7886  7891  7896  7900  790i 

7909  7914  7918  7923  7928  7932  7937  7941  7946  796( 

7955  7959  7964  7968  7973  7978  7982  7987  7991  799( 

je 

8000  8005  8009  8014  8019  8023  8028  8032  8037  8041 

8046  8050  8055  8059  8064  8068  8073  8078  8082  808i 

8091  8096  8100  8105  8109  8114  8118  8123  8127  813S 

8137  8141  8146  8150  8155  8159  8164  8168  8173  817"; 

8182  8186  8191  8196  8200  8204  8209  8214  8218  822^ 

960 

98227  98232  98236  98241  98246  98250  98254  98259  98263  9826^ 

8272  8277  8281  8286  8290  8295  8299  8304  8308  831J 

8318  8322  8327  8331  8336  8340  8345  8349  8354  835^ 

8363  8367  8372  8376  8381  8386  8390  8394  8399  840J 

8408  8412  8417  8421  8426  8430  8435  8439  8444  844^ 

5 

8453  8457  8462  8466  8471  8475  8480  8484  8489  849J 

8498  8502  8607  8611  8516  8520  8625  8629  8534  853J 

8543  8647  8552  8666  8661  8665  8670  8674  8579  868J 

8588  8592  8697  8601  8605  8610  8614  8619  8623  862^ 

8632  8637  8641  8646  8660  8665  8669  8664  8668  8672 

970 

98677  98682  98686  98691  98696  98700  98704  98709  98713  9871'3 

8722  8726  8731  8736  8740  8744  8749  8753  8768  876^ 

8767  8771  8776  8780  8784  8789  8793  8798  8802  8807 

8811  8816  8820  8825  8829  8834  8838  8843  8847  8851 

8866  8860  8865  8869  8874  8878  8883  8887  8892  889C 

8900  8905  8909  8914  8918  8923  8927  8932  8936  8941 

8945  8949  8954  8958  8963  8967  8972  8976  8981  898£ 

8989  8994  8998  9003  9007  9012  9016  9021  9026  902{ 

9034  9038  9043  9047  9062  9056  9061  9065  9069  9074 

9078  9083  9087  9092  9096  9100  9105  9109  9114  91U 

980 

99123  99127  99131  99136  99140  99145  99149  99164  99168  9916S 

9167  9171  9176  9180  9185  9189  9193  9198  9202  9207 

9211  9216  9220  9224  9229  9233  9238  9242  9247  9251 

9256  9260  9264  9269  9273  9277  9282  9286  9291  929f 

9300  9304  9308  9313  9317  9322  9326  9330  9335  933^ 

-  9344  9348  9352  9357  9361  9366  9370  9374  9379  938S 

9388  9392  9396  9401  9405  9410  9414  9419  9423  9427 

9432  9436  9441  9445  9449  9454  9458  9463  9467  9471 

9476  9480  9484  9489  9493  9498  9602  9606  9511  95U 

9520  9624  9628  9633  9637  9642  9646  9660  9555  956i 

990 

99564  99568  99572  99577  99581  99586  99690  99694  99599  99602 

9607  9612  9616  9621  9625  9629  9634  9638  9642  9647 

9651  9666  9660  9664  9669  9673  9677  9682  9686  9691 

9695  9699  9704  9708  9712  9717  9721  9726  9730  9734 

9739  9743  9747  9752  9756  9760  9765  9769  9774  977^ 

9782  9787  9791  9795  9800  9804  9808  9813  9817  9822 

9826  9830  9835  9839  9843  9848  9852  9856  9861  986f 

9870  9874  9878  9883  9887  9891  9896  9900  9904  990t 

9913  9917  9922  9926  9930  9935  9939  9944  9948  9952 

9957  9961  9965  9970  9974  9978  9983  9987  9991  999C 

1000 

00000  00004  00009  00013  00017  00022  00026  00030  00035  0003t 

313  TABLE  VII.— LOeARITHMIC  SINES  AND  COSINES. 

/ 

0* 

1 

e 

2« 

0 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

0 

—oo  ' 

10.00000 

8.24186 

9.99993 

8.'54282 

9  99974 

60 

1 

6.46378 

00000 

24908 

99993 

64642 

99978 

59 

2 

76476 

00000 

25609 

99993 

64999 

99978 

68 

8 

94065 

00000 

26304 

99993 

55354 

99978 

67 

4 

7.06679 

00000 

26988 

99992 

55706 

99978 

56 

6 

16270 

00000 

27661 

99992 

56054 

69971 

56 

6 

24188 

00000 

28324 

99992 

56400 

99971 

54 

7 

30882 

00000 

28971 

99992 

56748 

99970 

58 

8 

86682 

00000 

29621 

99992 

57084 

99970 

52 

9 

41797 

00900 

80256 

99991 

57421 

99969 

51 

10 

7.46873 

10.00000 

8.30879 

9.99991 

8.57757 
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e 
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44«» 
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Cosine 

Sine 

Ckwine 

Sine 

Cosine 

9.87107 

9.88878 

9.86413 

9.84177 

9.86698 

60 

87096 

83392 

86401 

84190 

85681 

59 

87085 

83405 

86889 

84208 

OOQOV 

58 

87073 

88419 

86877 

84216 

85657 

67 

87062 

83432 

86366 

84289 

86645 

56 

87050 

83446 

86354 

84242 

86682 

56 

87039 

83459 

86342 

84256 

85620 

54 

87028 

83478 

86330 

84269 

85608 

58 

87016 

83486 

86318 

84282 

85596 

52 

87005 

88500 

86806 

84295 

a5583 

61 

9.86993 

9.83518 

9.86296 

9.84308 

9.85671 

50 

80982 

88527 

86283 

84381 

85569 

49 

86970 

83540 

86271 

84834 

85547 

48 

86959 

83654 

86250 

84347 

85534 

47 

86947 

88567 

86247 

.84360 
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46 

86936 

88581 

86235 

84373 

.85510 

45 

flA024 

88594 

86828 

84386 

85497 

44 

86918 

83608 

86211 

84398 

85485 

43 

86902 

88621 

86200 

84411 

85473 

48 

86890 

83684 

86188 

84484 

85460 

41 

9.86879 

9.83648 

9.86176 

9.84487 

9.85448 

40 

86867 

88661 

86164 

84450 

864.36 

80 

86866 

83674 

86152 

84463 

85423 

88 

86844 

83688 

86140 

64476 

85411 

87 

K6882 

88701 

66128 

84480 

85399 

86 

86821 

83715 

86116 

84508 

85886 

35 

86809 

83728 

86104 

84515 

85874 

34 

86798 

88741 

86092 

84528 

36361 

88 

86786 

83755 

86080 

84540 

86349 

88 

86776 

83768 

86068 

84558 

85337 

31 

9.86763 

9.83781 

9.86056 

9.84566 

9.85384 

80 

86758 

83795 

86044 

84579 

86312 

89 

86740 

83808 

86038 

84598 

85299 

as 
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83821 

86020 

84605 

85287 

87 

86717 

83834 
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84618 

85874 

86 

86706 

83848 

85996 
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85 

86694 
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85984 

84648 

86260 

84 

86682 
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85978 
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85287 

88 
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83887 
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28 

86659 
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85948 

84682 
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81 
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9.83914 

9.86936 

9.84694 
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80 
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19 
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18 
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17 
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83967 
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84745 
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16 

86589 
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85876 
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15 
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18 
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11 
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10 

86518 

84059 

85803 

84835 
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9 

86507 

84078 

85791 

84847 

86040 

8 

86496 

84065 

85779 

84860 
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7 

86488 

84096 

85766 

84878 

85024 

6 

86472 

84118 

85754 

84885 

85018 

5 

86460 

84125 

85742 

84898 

84999 

4 

86448 

84188 

85730 

84911 

84986 

8 

86486 

84151 

85718 

84928 

84974 

8 

86425 

84164 

85706 

84936 

84961 

1 

86418 

84177 

85693 
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0 
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Sii 

!86S6 
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49488 
46709 
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11.75808 
76090 
74884 
73888 
78001 
72881 
71668 
71014 
70871 
69787 

11  .69113 
68495 
67888 
67289 


66114 
66S39 
64971 
64410 


11  ,68811 
62771 


11. 


61711 
61191 
60677 
60168 
69666 
59170 
58679 

58198 
57718 
67888 
66768 
66304 
66844 
66389 
649S9 
64498 
54062 

11.53615 
68188 
52766 
52881 
61911 
61496 
61088 
60676 
60271 
49870 


8.64808 
64669 
66027 
66882 
66784 
66063 
66429 
66773 
6ni4 
57462 

8.67788  1 
68121 
68461 
68779 
69106 
59488 
69749 
60068 
60884 
60696 

8.61009   1: 
•  61819 

61626 

61981 

62284 

68685 

68884 

68181 

68426 

68718 

8.64009  11 
64298 
64586 
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66716 
66996 
66869 
66648 

8.66816  11 
67087 
67866 
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07890 
68154 
68417 
68678 
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11.88060 
27819 
27580 
27841 
87104 


26400 
26168 


26026 
24801 
24577 
24865 
24183 
23918 
28694 


288-47 
28613 
28400 
28189 
21978 
21768 
21559 


20734 
20630 
80387 
20125 
19984 
19728 
19584 

11.19386 
19188 
18938 
18736 
18541 
18347 
18154 
17968 
17770 
17580 

11.17390 
17801 
17018 
16885 
16639 
16453 
16868 
16084 
15900 
15718 
15536 


Tan 


Tan 


Ck>tan 


Tan 


Cotan 


8.84464 
84646 
84886 
86006 
85185 
86863 
85540 
85717 


86009 

8.86248 
86417 
66591 
86763 


87106 
87877 
87447 
87616 
87785 

8.87963 
88180 

88887 
88453 
88618 
88783 


89111 
89874 
89437 

8.89598 
89760 


98414 
98565 

8.98716 


93016 
93165 
93313 
98462 


11.15586 
15854 
15174 
14994 
14815 
14687 
14460 
14883 
14107 
13981 

11.18757 
13583 
18409 
18837 
18065 
12894 
18788 
18558 
18384 
18815 

11.18047 
11880 
11713 
11547 
11388 
11817 
11058 


90080 
90840 
90399 
90557 
90716 
90872 
910-i9 

8.91185 
91340 
91495 
91650 
91803 
91957 
98110 


10786 
10568 

11.10408 
10840 

10060 


09760 
09601 
09448 
09885 
09128 
08971 

11.08816 


06505 
06350 
08197 
08043 
07890 
07788 
07586 
07435 

11.07884 
07134 
06984 


93766 
93903 
94049 
94195 


06687 
06688 
06391 


06097 
05951 
05805 


95344 
95486 


11.04378 
04838 
04002 
03953 
03813 
03675 
03586 
03398 
03861 


11.08987 


98768 
98884 
99015 
99145 
99876 
99406 
99534 


11.00388 
00809 
00081 

10.99954 
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99447 
99881 
99195 
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98204 
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FABLE  VJII.^L 

OG.  TANGENTS 

AND  GOTANGENTa 

i 

»• 

10» 

11' 

t 

T&n 

Coton 

Tan 

Cotau 

TAtI 

Ootaa 

0 

9.10471 

lO.SOOSft 

9.240.32 

10.76368 

9.28865 

10.7118S 

60 

1 

300&3 

79  W  7 

34700 

75294 

2B933 

71067 

60 

1 

aai34 

701^ 

31770 

75221 

29000 

71OO0 

58 

s 

aaQi« 

797S4 

24853 

75147 

320007 

70933 

67 

4 

2094? 

T07O3 

34036 

76074 

39134 

70860 

66 

B 

903TS 

79fm 

35000 

75000 

29201 

707G9 

65 

A 

30469 

7ffii41 

36073 

74927 

29958 

70732 

64 

7 

30540 

7W«0 

2&140 

74854 

293-36 

70&ft5 

68 

a 

UOffiil 

7937§ 

35219 

747S1 

39402 

70698 

52 

B 

90701 

T8299 

26392 

74708 

29468 

70532 

61 

IQ 

o.sffrs-i 

10.79218 

9.26306 

10.74395 

9.2953:6 

10.70405 

60 

11 

2oe4-j 

7913a 

35137 

74BS3 

39601 

70399 

49 

l» 

soe4^ 

79058 

2tUilO 

74490 

296<^ 

70332 

48 

la 

sioa« 

7a»7ft 

35583 

74418 

29734 

70306 

47 

u 

31103 

7e8aB 

36666 

74346 

20800 

7^^200 

46 

IK 

aiiB^ 

TflBlS 

35727 

74278 

29300 

70134 

45 

IS 

S1361 

:s7M 

26799 

74S01 

20932 

70068 

44 

17 

21341 

TBOSfl 

35871 

74129 

29608 

70003 

48 

IB 

31430 

7B580 

26943 

74057 

30O64 

69936 

42 

1ft 

SU9« 

7850] 

26015 

7^85 

30J30 

69870 

41 

K» 

0.316TS 

10.78423 

9.26086 

10.73914 

9.30195 

10.09605 

40 

SL 

SI  067 

78343 

36158 

73843 

SO-^ffil 

^9739 

39 

a2 

aiTsa 

78364 

waa^ 

73771 

30320 

09674 

38 

n 
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30391 

69609 

87 

u 
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26,^2 

73628 

80457 

09543 

86 

as 
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73557 

30523 

69478 

85 

Sfi 
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77961 
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73480 

30587 

69413 

84 

»7 

JS-^I^^i 

77873 

20586 

73416 

3066^ 

69648 

88 

ES 

aaft)3 

77796 

2ee5ii 

73345 

30717 

69288 

32 

S9 

es^? 

77717 

2&?2Q 

73374 

30783 

69218 

31 

ao 

ft^saaei 

10.7703ft 

9.36797 

10.78203 

9.30^6 

10.69154 

80 

31 

22438 

775OT 
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73133 

30911 

69089 

29 

33 

S2516 

77484 

26937 

73063 
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28 

as 

22S1W 

77407 
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31040 
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S7 

34 

33870 

77330 

27078 

72923 
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26 
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25 
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2sJa34 
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ao 
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21 

40 
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20 

41 
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19 

42 
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7^66 

31610 
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18 

44 
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27704 
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31079 
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17 

44 
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73827 
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4fi 
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4A 
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11 
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f 

16» 

16« 

\1* 

/ 

Tan 

Cotan 

Tan 

Cotan 

Tan 

Cotan 

0 

0.42805 

10.57195 

9.45750 

10.54250 

0.48584 

10.51466 

60 

1 

42856 

57144 

45797 

54203 

48570 

51421 

59 

2 

42906 

57094 

45845 

54155 

48624 

51376 

58 

8 

42057 

57048 

45893 

54108 

48660 

51831 

57 

4 

43007 

56993 

45940 

54060 

48714 

.  51286 

56 

5 

43057 

56948 

45987 

54013 

48750 

51241 

55 

6 

43108 

56892 

46035 

53965 

48804 

51196 

54 

7 

48158 

56842 

46088 

53918 

48840 

51151 

53 
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43208 

56792 

46180 

53870 

48804 

51106 

58 

0 

43258 

56742 

46177 

53828 

48989 

51061 

61 

10 

0.48308 

10.56698 

0.46224 

10.53776 

9.48984 

10.51016 

60 

11 

43358 

56648 

46271 

53720 

49029 

50971 

40 

12 

43408 

56598 

46319 

63681 

49073 

50927 

48 

18 

48458 

56542 

46366 

53634 

49118 

50882 

47 

14 

48508 

56492 

46418 

58587 

49168 

60887 

46 

15 

43558 

56442 

46460 

53540 

49207 

50798 

45 

16 

43607 

56393 

46507 

53493 

49252 

50748 

44 

17 

43657 

56348 

46564 

53446 

49296 

50704 

43 

18 

43707 

56298 

46601 

53300 

49341 

50659 

43 

10 

43756 

56244 

46648 

53352 

49385 

50615 

41 

80 

0.43806 

10.56104 

0.46604 

10.53306 

9.49430 

10.50670 

40 

SI 

43856 

56145 

46741 

53250 

49474 

50526 

80 

8S 

43005 

56095 

46788 

53212 

49519 

50481 

88 

8S 

48954 

56046 

46835 

53165 

49563 

50437 

37 

S4 

44004 

55996 

46881 

53110 

49607 

60393 

W 

25 

44058 

55947 

46028 

58072 

49652 

50348 

B5 

96 

44108 

65898 

46076 

53025 

49696 

50304 

34 

87 

44151 

55840 

47021 

52979 

49740 

50260 

33 

88 

44201 

66799 

47068 

52932 

49784 

50216 

82 

88 

44250 

55750 

47114 

52886 

49828 

60172 

81 

SO 

0.44800 

10.55701 

0.47160 

10.52840 

0.40878 

10.50128 

80 

81 

44348 

56652 

47207 

52798 

40016 

50084 

20 

88 

44397 

65603 

47263 

52747 

40960 

50040 

28 

83 

44446 

55554 

47209 

52701 

50004 

49996 

27 

84 

44495 

55505 

47346 

52654 

50048 

49952 

26 

85 

44544 

55466 

47392 

62608 

50098 

49908 

25 

86 

44502 

65408 

47438 

62568 

50136 

40864 

24 

87 

44641 

55359 

•  47484 

52516 

50180 

40620 

23 

88 

44600 

55310 

47530 

58470 

50223 

40777 

28 

80 

44788 

55262 

47576 

52424 

50267 

40733 

21 

40 

0.44787 

10.55213 

0.47628 

10.52378 

0.50311 

10.40680 

20 

41 

44836 

55164 

47668 

62338 

50355 

40645 

10 

48 

44884 

55116 

47714 

52286 

50398 

40602 

18 

48 

44033 

55067 

47760 

52240 

50448 

40558 

17 

44 

44961 

55019 

'  47806 

52194 

50485 

40515 

16 

45 

45029 

54971 

47853 

52148 

50529 

40471 

16 

46 

45078 

54922 

47807 

52108 

60572 

49428 

14 

47 

45126 

54874 

47943 

52057 

50616 

493S4 

18 

48 

45174 

54886 

47989 

52011 

50659 

49341 

18 

40 

45222 

647^8 

48035 

51965 

50703 

49297 

11 

50 

9.45271 

10.54789 

9.48080 

10.51920 

9.50746 

10.49254 

10 

51 

45819 

54681 

48126 

51874 

50789 

49211 

0 

58 

45367 

54633 

48171 

51829 

50833 

49167 

8 

58 

45415 

64586 

48217 

51783 

50876 

49124 

7 

54 

45463 

54537 

48262 

51738 

50919 

49081 

6 

55 

46511 

54489 

48307 

61693 

50962 

49088 

5 

56 

45559 

54441 

4aS58 

51647 

51005 

48995 

4 

57 

45606 

54894 

48:398 

51602 

51048 

48952 

8 

58 

45654 

54346 

48448 

51557 

51092 

48908 

% 

50 

45702 

54298 

48489 

51511 

51135 

48H65 

1 

60 

45T50 

54250 

48534 

51466 

51178 

48822 

0 

/ 

Cotan 

Tan 

Cotan 

Tan 

Cotan 

Tan 

740 

78» 

72* 
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18» 

19* 

S0« 

t 

Tan 

Ootan 

Tan 

Cotan 

Tan 

Ootan 

0 

9.51178 

10.48822 

9.53697 

10.46303 

9.56107 

10.48893 

60 

1 

51221 

48779 

53738 

46268 

56146 

43854 

69 

2 

51264 

48736 

63779 

46821 

66186 

438:6 

58 

8 

51306 

48694 

63820 

46180 

66224 

43776 

67 

4 

51849 

48661 

63861 

46139 

66264 

43786 

66 

5 

51392 

48606 

53902 

46098 

66303 

48697 

66 

6 

51435 

48665 

53948 

46057 

56342 

43668 

64 

7 

51478 

48522 

53984 

46016 

56381 

48619 

58 

8 

51520 

48480 

54025 

45975 

66420 

48680 

62 

9 

51563 

48437 

64065 

45935 

56459 

48541 

61 

10 

9.51606 

10.48394 

9.64106 

10.46894 

9.56498 

10.48608 

60 

11 

51648 

48852 

54147 

46863 

56687 

48463 

49 

12 

51691 

48309 

54187 

45818 

66576 

48424 

48 

13 

51734 

48266 

54228 

45772 

66615 

43385 

47 

14 

51776 

48224 

54269 

46781 

66664 

43346 

46 

15 

51819 

48181 

54309 

45691 

66693 

43807 

45 

16 

51861 

48139 

54350 

46660 

56788 

48868 

44 

17 

51908 

48097 

64390 

46610 

66771 

48829 

48 

18 

51946 

48054 

54481 

45669 

66810 

43190 

48 

19 

51988 

48012 

54471 

46629 

66849 

43151 

41 

80 

9.52031 

10.47969 

9.54512 

10.46488 

9.66887 

10.48118 

40 

21 

52073 

47927 

54552 

46448 

66926 

48074 

89 

22 

52115 

47885 

54598 

45407 

66965 

48085 

88 

28 

52157 

47848 

54683 

45867 

67004 

48996 

87 

24 

52200 

47800 

54678 

45827 

67048 

42958 

86 

25 

5224-^ 

47758 

64714 

45286 

57081 

42919 

35 

26 

52284 

47716 

54754 

45246 

67190 

42880 

84 

27 

53326 

47674 

54794 

45206 

67158 

42842 

88 

28 

52868 

47688 

54885 

45166 

67197 

42808 

83 

29 

68410 

47690 

54875 

45126 

67286 

42765 

31 

80 

9.58462 

10.47648 

9.64915 

10.46086 

9.67274 

10.48726 

90 

81 

62494 

47606 

54955 

46046 

57812 

42688 

89 

88 

52536 

47464 

64995 

45006 

57851 

42649 

88 

88 

62578 

47422 

55086 

44965 

67389 

48611 

87 

84 

52620 

47880 

65075 

44926 

67428 

42572 

86 

85 

52661 

47389 

55115 

44885 

67466 

42584 

85 

86 

47v»97 

56155 

44845 

67504 

42496 

84 

87 

62746 

47865 

66195 

44805 

67543 

42457 

83 

88 

52787 

47218 

65235 

44765 

57581 

42419 

28 

80 

52829 

47171 

65275 

44785 

57619 

42881 

81 

40 

9.52870 

10.47180 

9.56816 

10.44685 

9.57668 

10.42343 

80 

41 

52912 

47088 

55a55 

44646 

6T696 

42304 

19 

42 

52953 

47047 

66895 

44605 

67784 

42266 

18 

43 

68996 

47006 

56434 

44566 

67772 

42228 

17 

44 

58087 

46968 

55474 

445>6 

67810 

42190 

16 

45 

58078 

46922 

55514 

44486 

67849 

42151 

16 

46 

53120 

46880 

55554 

44446 

57887 

42113 

14 

47 

53161 

46839 

65593 

44407 

67925 

42076 

13 

48 

53202 

46798 

66633 

44867 

67968 

42037 

13 

49 

53244 

46756 

65678 

44827 

5S001 

41999 

11 

60 

9.53285 

10.46715 

9.65712 

10.44288 

9.68039 

10.41961 

10 

51 

58327 

46678 

55752 

44248 

68077 

41923 

9 

62 

53368 

46682 

55791 

44209 

68115 

41885 

8 

53 

63409 

46591 

5.5a31 

44169 

68163 

41847 

7 

54 

63450 

46550 

55870 

44180 

58191 

41809 

6 

55 

53492 

46608 

65910 

44090 

68229 

41771 

6 

66 

635.38 

46467 

55949 

44051 

.^8267 

41733 

4 

67 

58574 

46426 

55989 

44011 

68804 

41696 

8 

68 

53615 

46386 

66028 

43972 

58342 

41658 

2 

69 

5.3656 

46344 

56067 

48933 

58880 

41620 

1 

60 

58697 

46303- 

56107 

43893 

66418 

41582 

0 

» 

Cotan 

Tan 

Cotan 

Tan 

Cotan 

Tan 

/ 

71» 

70» 

69« 
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t 

II' 

22» 

if 

/ 

Tan 

Cotan 

Tan 

Cotan 

Tan 

Cotan 

0.58418 

10.41568 

0.60641 

10.39859 

0.68785 

10.87816 

60 

58465 

41545 

60677 

3938:^ 

62880 

87180 

50 

58408 

41507 

60714 

89886 

68855 

87146 

58 

69581 

41468 

60750 

89850 

68890 

87110 

67 

68560 

41481 

60786 

89814 

68086 

87074 

56 

58606 

41804 

60883 

89177 

68061 

87030 

66 

58644 

41856 

60650 

89141 

68006 

87004 

54 

58681 

41810 

60605 

89105 

68031 

36060 

58 

58710 

41881 

60031 

89069 

68066 

86934 

68 

58757 

41848 

60967 

89083 

63101 

86899 

51 

9.58704 

10.41806 

0.61004 

10.88996 

0.63135 

10.86865 

50 

68838 

41168 

61040 

88960 

63170 

36880 

40 

58860 

41181 

61076 

88984 

63206 

36705 

48 

5S907 

41003 

61112 

88888 

68840 

86760 

47 

58944 

41056 

61148 

38858 

68875 

86785 

46 

58981 

41010 

61184 

88816 

63810 

86600 

45 

59019 

40081 

61880 

88780 

68845 

86655 

44 

59056 

40944 

61856 

88744 

63870 

36681 

48 

59C94 

40906 

61808 

88706 

68414 

86586 

42 

59131 

40669 

61388 

86672 

*  68440 

86551 

41 

9.59168 

10.40888 

0.61864 

10.88686 

0.68484 

10.86516 

40 

69805 

40705 

61400 

88600 

68510 

36481 

80 

82 

59848 

40767 

61486 

88564 

63553 

86447 

88 

S8 

69880 

40780 

61472 

88586 

68688 

86418 

87 

84 

50817 

40688 

61508 

88492 

68688 

86377 

86 

85 

59854 

40646 

61544 

88456 

68657 

36348 

86 

86 

50391 

40600 

61579 

88481 

68602 

86806 

84 

87 

59489 

40571 

61616 

88385 

68726 

86874 

88 

86 

50466 

40584 

61651 

88349 

68761 

36830 

82 

80 

59508 

40407 

61687 

88818 

63706 

86804 

81 

ao 

0.59540 

10.40460 

0.61783 

10.88878 

0.68880 

10.86170 

ao 

81 

59577 

40488 

61758 

88848 

68865 

86186 

80 

88 

59614 

40386 

61704 

88806 

68800 

86101 

28 

88 

59651 

40340 

61830 

88170 

68034 

86066 

27 

84 

69688 

40318 

61865 

88136 

68068 

86088 

26 

85 

69785 

40875 

61001 

88099 

64008 

85007 

25 

80 

59768 

40838 

61936 

88064 

64087 

85068 

24 

87 

59799 

40801 

61972 

88088 

64078 

85088 

28 

88 

50836 

40165 

68006 

87998 

64106 

86804 

22 

88 

50878 

40188 

68043 

37957 

64140 

86860 

21 

40 

0.50909 

10.40001 

9.68079 

10.87981 

0.64176 

10.86696 

20 

41 

59946 

40054 

68114 

87886 

64800 

85791 

10 

i'i 

59988 

40017 

68150 

87850 

64843 

8K57 

18 

43 

60010 

80081 

68185 

87815 

64876 

8G788 

17 

44 

60066 

80044 

68881 

87779 

64818 

85666 

16 

45 

60003 

30907 

68856 

87744 

64846 

85654 

16 

46 

60130 

89670 

68892 

87708 

64381 

35610 

14 

47 

60166 

89884 

68337 

87678 

64415 

85585 

18 

48 

60808 

89797 

68868 

87688 

64440 

85551 

12 

49 

60840 

89760 

68398 

87608 

64483 

85517 

11 

50 

0.60876 

10.89784 

9.68433 

10.87567 

0.64517 

10.&5488 

10 

51 

60313 

89687 

68468 

87588 

64558 

35448 

0 

62 

60340 

89661 

68504 

87496 

64586 

36414 

8 

58 

60386 

89614 

68589 

87461 

64680 

85880 

7 

54 

60428 

89578 

68574 

87486 

,64654 

86846 

6 

55 

60450 

39641 

68609 

87391 

64688 

85818 

5 

56 

60405 

89505 

68645 

87855 

64^ 

85878 

4 

57 

60588 

68680 

87380 

64756 

85844 

8 

58 

60568 

80488 

68715 

87885 

64790 

35810 

8 

60 

60605 

89805 

68750 

87850 

64884 

35176 

1 

60 

60641 

30350 

68785 

87815 

•  64858 

85148 

0 

/ 

Cotan 

Tan 

Cotan 

Tan 

Cotan 

Tan 

/ 

68» 

^^ 

67» 
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/ 

240 

250 

26- 

/ 

Tan 

CJotan 

Tan 

Cotan 

Tan 

Cotan 

0 

9.64868 

10.85142 

9.66867 

10.83138 

9.68818 

10.81182 

60 

1 

64892 

85108 

G6900 

83100 

68860 

81150 

59 

2 

64926 

85074 

66938 

33067. 

68883 

81118 

68 

8 

64960 

85040 

66966 

83034 

68014 

81086 

57 

4 

64994 

85006 

66999 

83001 

68046 

81054 

56 

6 

65028 

84972 

67032 

83968 

68078 

81022 

66 

6 

65063 

84988 

67065 

83036 

60010 

80010 

54 

7 

66096 

34904 

67096 

82903 

69043 

80968 

53 

8 

66180 

84870 

67131 

82860 

69074 

80936 

52 

9 

66164 

84886 

67168 

33687 

69106 

80894 

61 

10 

9.65197 

10.84803 

9.67196 

10.83804 

9.69188 

10.80662 

50 

11 

66281 

84769 

67329 

32771 

69170 

80630 

49 

18 

66265 

84785 

67262 

32738 

69302 

80798 

48 

13 

66299 

84701 

67205 

33705 

60384 

30766 

47 

14 

65883 

34667 

67337 

82673 

60366 

80734 

46 

16 

65366 

34634 

67860 

33640 

69398 

80702 

45 

16 

66400 

84600 

67398 

83607 

60829 

30671 

44 

17 

65484 

34566 

67426 

83574 

69861 

30689 

48 

18 

65467 

84683 

67468 

32542 

69803 

80607 

43 

19 

65601 

84499 

67491 

835e9 

69435 

80575 

41 

ao 

9.66685 

10.84465 

9.67524 

10.33478 

9.69457 

10.80648 

40 

21 

66668 

84483 

67S66 

82444 

60488 

80513 

89 

92 

66602 

34898 

67589 

8-^411 

69530 

80^ 

88 

28 

66686 

84364 

67692 

82378 

60663 

30418 

87 

24 

66669 

84381 

67654 

82846 

60584 

80416 

86 

25 

66708 

84297 

67687 

83318 

69616 

30385 

86 

26 

wm 

84264 

67719 

82381 

69647 

80853 

84 

27 

65770 

84380 

67762 

83348 

69679 

30331 

88 

28 

66803 

84197 

67786 

82215 

69710 

80390 

88 

20 

66837 

84163 

67817 

82188 

60742 

80368 

81 

80 

9.65870 

10.84180 

9.67860 

10.83150 

9.69774 

10.80336 

W 

81 

66904 

84096 

67882 

33118 

69805 

80195 

39 

32 

65937 

84063 

67915 

83085 

69887 

80163 

88 

83 

65971 

84029 

67947 

82053 

69868 

30133 

27 

84 

66004 

88996 

67960 

82030 

69900 

80100 

36 

85 

66068 

83962 

68012 

81988 

69932 

80068 

26 

M 

66071 

83939 

68044 

81966 

69963 

30037 

84 

87 

66104 

83896 

68077 

81938 

69995 

80005 

28 

88 

66138 

83862 

68109 

31891 

70026 

29974 

22 

89 

66171 

88839 

68142 

81858 

70058 

29943 

21 

40 

9.66204 

10.88796 

9.68174 

10.31836 

9.70069 

10.29911 

20 

41 

66238 

88762 

68206 

31794 

70121 

29879 

19 

42 

66271 

33739 

68389 

81761 

70152 

89848 

18 

43 

66804 

88696 

68371 

31739 

701W 

29816 

17 

44 

66887 

33663 

68303 

31697 

70216 

29785 

16 

45 

66871 

33639 

68886 

81664 

70247 

29753 

15 

46 

66404 

msm 

68868 

81632 

70278 

89723 

14 

47 

66437 

38563 

68400 

81600 

70309 

29691 

18 

48 

66470 

8:^580 

68432 

31568 

70341 

29659 

12 

49 

66603 

88497 

68465 

31585 

70372 

89628 

11 

50 

9.66637 

10.88463 

9.68497 

10.31503 

9.70404 

10 

51 

66570 

38430 

68529 

31471 

70485 

29665 

9 

62 

66603 

88397 

68561 

81439 

.  70466 

29534 

8 

58 

66636 

88864 

68593 

81407 

70498 

29503 

7 

54 

66669 

83831 

68626 

81374 

70639 

29471 

6 

55 

66?02 

83298 

68658 

81342 

70660 

29440 

5 

56 

66^5 

88366 

68600 

31310 

70592 

29408 

4 

57 

66768 

83333 

68733 

81378 

70623 

20377 

8 

56 

66801 

88199 

68754 

81346 

70654 

29846 

2 

50 

66834 

83166 

68786 

81314 

70685 

29315 

1 

60 

66867 

38133 

68818 

31183 

70717 

29283 

0 

/ 

Cotan 

Tan 

Cotan 

Tan 

Cotan 

Tan 

/ 

66* 

64« 

68» 
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/ 

27. 

28« 

29- 

/ 

Tan 

Cotan 

Tan 

Cotan 

Tan 

Cotan 

0 

9.70^17 

10.29288 

9.7-,»567 

10.27438 

9.74376 

10.25625 

60 

1 

70748 

29252 

72698 

27402 

74405 

25595 

59 

8 

70779 

29221 

.72628 

2'/3Y2 

74436 

25665 

58 

8 

70810 

29190 

72659 

27341 

744(j6 

25536 

57 

4 

70841 

29159 

72689 

27311 

74494 

26506 

56 

5 

70873 

29127 

72720 

27280 

74524 

25476 

56 

6 

70904 

29096 

72760 

^250 

74554 

25446 

54 

7 

70985 

29065 

72'i'80 

27220 

74583 

25417 

53 

8 

70966 

29034 

72811 

27189 

74618 

25387 

52 

9 

70997 

29008 

72841 

27159 

74643 

25357 

51 

10 

9.71028 

10.28972 

9.72872 

10.27128 

9.74678 

10.25327 

50 

It 

71059 

28941 

72902 

27098 

74702 

25298 

49 

Vi 

71090 

28910 

72932 

27068 

74732 

25268 

48 

13 

71121 

28879 

72963 

27087 

74762 

25238 

47 

14 

71168 

28847 

72993 

27007 

74791 

25209 

46 

15 

71184 

28816 

73023 

26977 

74821 

2.5179 

45 

16 

71215 

28785 

78064 

26946 

74851 

25149 

44 

17 

71246 

28754 

73084 

26916 

74880 

26120 

43 

18 

71277 

28728 

73114 

26886 

74910 

25090 

48 

19 

71308 

28692 

78144 

26856 

74989 

25061 

41 

SO 

9.71339 

10.28661 

9.78176 

10.26826 

9.74969 

10.25081 

40 

31 

71370 

28680 

78;J05 

26795 

74996 

86002 

89 

32 

71401 

28599 

78235 

26766 

76028 

24972 

88 

•^8 

71431 

28569 

73265 

26786 

76066 

24942 

87 

24 

71462 

2a'S38 

78295 

26706 

76087 

24913 

36 

25 

71493 

28607 

73326 

26674 

76117 

24883 

35 

26 

71624 

28476 

73a56 

26644 

76146 

24854 

84 

27 

71555 

28415 

73386 

26614 

75176 

24824 

38 

28 

71686 

28414 

78416 

26584 

75206 

24795 

82 

29 

71617 

28383 

73446 

26654 

75236 

24765 

81 

80 

9.71648 

10.28352 

9.73476 

10.26624 

9.75264 

10.84786 

80 

81 

71679 

28821 

73507 

26498 

75294 

24706 

89 

82 

71709 

28291 

73637 

26463 

76328 

84677 

28 

83 

71740 

28260 

78667 

264^3 

75363 

24647 

27 

81 

71771 

28229 

78697 

26408 

75382 

24618 

26 

85 

71802 

28196 

78627 

26373 

75411 

24589 

26 

86 

71833 

5^167 

73667 

26343 

75441 

24669 

24 

87 

71863 

28137 

73687 

26813 

75470 

24530 

28 

38 

71894 

28103 

73717 

26283 

75500 

24500 

88 

89 

71925 

28075 

73747 

26263 

76529 

24471 

81 

40 

9.71955 

10.28045 

9.73777 

10.26223 

9.75558 

10.24442 

80 

41 

71986 

28014 

78807 

26193 

75588 

24412 

19 

42 

72017 

27983 

73837 

26168 

75617 

84888 

18 

43 

72048 

27952 

73867 

26188 

75647 

8486:j 

17 

44 

720T8 

27922 

73897 

26103 

76676 

84324 

10 

45 

72109 

27891 

78927 

26073 

75706 

84295 

15 

46 

72140 

27860 

73957 

26048 

75735 

84265 

14 

47 

72170 

27830 

78987 

26018 

75764 

84236 

18 

48 

7-.»201 

27799 

74017 

26963 

75798 

84207 

18 

49 

72231 

27769 

74047 

25958 

75822 

84178 

11 

60 

9.72262 

10.27788 

9.74077 

10.25928 

9.76852 

10.24148 

10 

51 

72293 

27707 

74107 

26898 

76881 

24119 

9 

62 

72323 

27677 

74137 

25868 

75910 

84090 

8 

53 

72854 

27646 

74166 

2.5834 

75989 

24061 

7 

54 

72384 

27616 

74196 

26804 

75969 

24061 

6 

55 

72415 

27586 

74226 

25774 

75998 

24002 

5 

56 

72445 

27555 

74256 

25744 

76027 

28973 

4 

67 

72476 

27524 

74286 

25714 

76056 

23944 

8. 

58 

72506 

27494 

74316 

25684 

76086 

28914 

8 

69 

72537 

27468 

74345 

25655 

76115 

23885 

1 

60 

72567 

27483 

74875 

256,25 

76144 

83856 

0 

/ 

Cotan 

Tan 

Cotan 

Tan 

Cotan 

Tan 

/ 

62» 

«!• 

•0* 

a^'^o 


1^ 

76319 
70848 
76877 
76406 

SgSBSe 

^478 


TANGENTS  AND  i 
81^ 


23769 

23799 

23710 

23681 

23Co2 


SBS94 


s^^si 


-iO 


«S2409 


«^1 


5»180 
22151 
22128 


Tan 


Cotan 


9.77877 
77906 
77935 
77963 
77W8 
78030 
78049 
78077 
78106 
78185 

9.78ie8 
78192 
78820 
78249 
78877 
78806 
78834 
78863 
78391 
78419 

9.78448 
78476 
78505 
78533 
78562 
78690 
78618 
78647 
78675 
78704 

9.78732 
78760 
7B789 
78817 
78846 
78874 


78980 
78969 
78987 

9.79015 
79048 
79072 
79100 
79128 
79156 
79185 
79213 
79241 
79269 

9.79297 
79326 
79354 
79382 
79410 
79438 
79466 
79495 
79528 
79551 
79579 


10.22123  9. 
22094 
22065 
22037 
82006 
21980 
21961 
21923 
21894 
21866 

10.21887  9. 
21808 
21780 
21761 
21728 
21694 
21666 
21687 
21609 
21681 

10.21552  9. 
21524 
21495 
21467 
21438 
21410 
21382 
81353 
21325 
21296 

10.21268  9. 
21240 
21211 
21183 
21156 
21126 
21098 
21070 
21041 
21013 

10.20985  9, 
20957 
20928 
20900 
20872 
20844 
20815 
20787 
80759 
20731 

10.20703  9 
20674 
20646 
20618 
20590 
20562 
20584 
20505 
20477 
20449 
20421 


Cotan 


Tan 


68» 
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/ 

88* 

84» 

86«» 

/ 

Tan 

Cotan 

Tan 

Cotan 

Tan 

Cotan 

0 

9.81858 

10.18748 

9.82899 

10.17101 

9.84583 

10.15477 

60 

1 

81879 

18781 

82986 

17074 

81550 

15450 

59 

2 

81807 

18698 

88958 

17047 

84676 

15484 

58 

■  3 

81885 

18665 

82980 

17080 

84608 

15397 

67 

4 

81868 

18638 

83008 

16998 

84630 

16870 

56 

6 

61890 

18610 

83085 

16965 

84657 

15343 

55 

6 

81418 

18588 

83062 

16988 

84684 

16316 

54 

7 

81446 

18556 

83089 

16911 

84711 

15889 

53 

8 

81478 

18527 

88117 

16883 

84738 

15868 

58 

9 

81500 

18500 

83144 

16856 

84764 

15836 

51 

10 

9.81588 

10.18472 

9.83171 

10.16889 

9.84791 

10.15809 

50 

11 

81556 

18444 

83198 

16808 

84818 

15188 

49 

12 

81588 

18417 

83285 

16775 

84845 

15155 

48 

18 

81611 

18389 

88868 

16748 

64872 

15188 

47 

14 

81638 

18368 

83880 

16780 

84899 

15101 

46 

15 

81666 

18384 

83307 

16608 

84985 

15075 

45 

16 

81693 

18307 

83334 

16666 

84958 

15Q48 

44 

17 

8175J1 

18279 

83361 

16639 

84970 

16081 

48 

18  - 

81748 

18252 

83388 

16618 

85006 

14094 

48 

19 

81776 

18884 

83415 

16585 

85033 

14967 

41 

80 

9.81808 

10.18197 

9.88148 

10.16558 

9.85059 

10.14941 

40 

81 

81881 

18169 

83470 

16530 

85066 

14914 

80 

88 

81858 

18142 

83497 

16503 

86113 

14887 

88 

88 

81886 

18114 

83584 

16476 

86140 

14860 

87 

84 

81913 

18087 

83551 

16449 

85166 

14834 

86 

26 

81941 

18059 

83578 

16482 

86193 

14Q07 

85 

86 

81968 

18038 

83605 

16395 

85880 

14780 

84 

87 

81996 

18004 

83638 

16368 

85847 

14753 

38 

88 

88083 

17977 

83659 

16841 

85273 

14727 

82 

89 

88051 

17949 

83686 

16814 

85300 

14700 

81 

30 

9.88078 

10.17988 

9.83713 

10.16287 

9.85387 

10.14678 

80 

31 

88106 

17894 

83740 

16260 

85354 

14646 

89 

88 

88188 

17867 

83768 

16838 

85880 

14680 

88 

88 

88161 

17830 

83795 

16205 

85407 

14593 

87 

84 

88188 

17818 

83828 

16178 

85434 

14566 

86 

85 

88815 

17785 

83849 

16151 

85460 

14540 

85 

86 

88843 

17757 

88876 

16124 

85487 

14513 

S4 

87 

88-^0 

17730 

83903 

16097 

85514 

14466 

88 

88 

88898 

17708 

83930 

16070 

85540 

14460 

88 

89 

88385 

17675 

83957 

16043 

85567 

14433 

40 

9.88358 

10.17648 

9.88984 

10.16016 

9.85694 

10.14406 

41 

88880 

17620 

84011 

15989 

85620 

14380 

48 

88407 

17598 

84038 

15968 

86647 

14363 

48 

88435 

17565 

84066 

15936 

85674 

14826 

44 

82468 

17538 

84098 

15906 

85700 

14300 

45 

88489 

17511 

84119 

15881 

85727 

14873 

46 

88517 

17483 

84146 

15854 

86754 

14846 

47 

88544 

17456 

84178 

15887 

85780 

14280 

48 

82571 

17429 

84200 

15800 

85807 

14193 

49 

88599 

17401 

84227 

15773 

85834 

14166 

50 

9.88686 

10.17874 

9.84254 

10.15746 

9.85860 

10.14140 

51 

88653 

17347 

84280 

15780 

85887 

14113 

58 

82681 

17319 

84307 

15693 

85913 

14067 

58 

88708 

17292 

84334 

15666 

85940 

14060 

54 

88';35 

17265 

84361 

15689 

86967 

14083 

55 

88768 

17838 

84388 

15612 

85993 

14007 

56 

88790 

17210 

84415 

15585 

86020 

18980 

67 

88817 

17188 

84442 

15558 

86046 

13954 

58 

82844 

17156 

84469 

16531 

86078 

]8;987 

59 

88871 

17129 

&4406  . 

15604 

86100 

13900 

60 

88899 

17101 

84523 

15477 

86126 

138^4 

t 

Cotan 

Tan 

Cotan 

Tan 

Cotan 

Tan 

/ 

W 

66« 

54» 
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/ 

86« 

87» 

88« 

/ 

Tan 

Cotan 

Tan 

Cotan 

Tan 

Cotan 

0 

9.86126 

10.13874 

9.87711 

10.12289 

9.89281 

10.10719 

60 

1 

86153 

18847 

87738 

12262 

89807 

10698 

69 

2 

86179 

18821 

87764 

12236 

89888 

10667 

68 

3 

86206 

18794 

87790 

12210 

89869 

10641 

67 

4 

86232 

13768 

87817 

12183 

89386 

10615 

66 

5 

86259 

13741 

87843 

12167 

89411 

10689 

66 

6 

86285 

18715 

87869 

12181 

69437 

10663 

64 

7 

86812 

18688 

87895 

12105 

89468 

1(»87 

63 

8 

86338 

18662 

87922 

12078 

89489 

10611 

62 

9 

86365 

13635 

87948 

12052 

89516 

10485 

61 

10 

9.86892 

10,18608 

9.87974 

10.12026 

9.89541 

10.10459 

50 

11 

86418 

18662 

88000 

12000 

89567 

10483 

49 

12 

86445 

13565 

88027 

11978 

89598 

10407 

48 

13 

86471 

13529 

88068 

11947 

89619 

10881 

47 

14 

86498 

13502 

88079 

11921 

89645 

10855 

46 

15 

86524 

18476 

88105 

11895 

89671 

10829 

45 

16 

8«»1 

18449 

88181 

11869 

89697 

10308 

44 

17 

86677 

18423 

88158 

11842 

89728 

10277 

48 

18 

86608 

18397 

88184 

11816 

89749 

10251 

42 

19 

86630 

18370 

88210 

11790 

89775 

10225 

41 

20 

9.86656 

10.18844 

9.88286 

10.11764 

9.89801 

10.10199 

40 

21 

86683 

18317 

88262 

11738- 

89887 

10178  , 

89 

23 

86709 

13291 

86289 

11711 

89858 

10147 

88 

23 

86786 

18264 

88815 

11685 

89879 

10121 

87 

24 

86762 

13288 

88341 

11669 

69905 

10095 

86 

25 

86789 

18211 

88867 

11683 

89981 

10069 

85 

26 

86815 

18185 

88893 

11607 

89957 

10048 

84 

27 

86642 

18168 

88420 

11680 

89988 

10017 

88 

28 

86868 

18182 

88446 

11554 

90009 

09991 

82 

29 

OOOV4 

18106 

88472 

11.528 

90085 

09965 

31 

80 

9.86921 

10.18079 

9.88498 

10.11602 

9.90061 

10.09989 

80 

81 

86947 

18068 

88524 

11476 

90086 

09914 

29 

32 

86974 

18026 

88560 

11450 

90112 

09688 

28 

83 

87000 

18000 

88577 

11428 

90188 

09862 

27 

84 

87027 

12978 

88603 

11397 

90164 

09636 

26 

85 

87058 

12947 

88629 

11871 

90190 

09810 

25 

86 

87079 

12921 

88655 

11845 

90216 

09784 

24 

87 

87106 

12894 

88681 

11819 

90242 

09768 

23 

88 

87182 

12868 

88707 

11293 

90268 

09732 

22 

89 

87158 

12842 

88733 

11267 

90294 

09706 

21 

40 

9.87185 

10.12815 

9.88759 

10.11241 

9.90820 

10.09680 

20 

41 

87211 

12789 

88786 

11214 

90346 

09654 

19 

42 

87288 

12762 

88812 

11188 

90371 

09629 

18 

43 

67264 

12736 

88838 

11162 

90897 

09603 

17 

44 

87290 

12710 

88864 

11186 

90423 

09577 

16 

45 

87817 

12683 

88890 

11110 

90449 

09551 

15 

46 

87343 

12657 

88916 

11084 

90475 

09525 

14 

47 

87369 

12631 

88942 

11058 

90601 

09499 

18 

48 

87396 

12604 

88968 

11082 

90527 

09473 

12 

49 

87422 

.  12578 

88994 

11006 

90558 

09447 

11 

60 

9.87448 

10.12652 

9.89020 

10.10980 

9.90578 

10.09422 

10 

51 

87475 

12525 

89046 

10954 

90604 

09396 

9 

62 

87501 

12499 

89078 

10927 

90630 

09370 

8 

63 

87627 

12473 

89099 

10901 

90656 

09344 

7 

64 

87654 

12446 

89125 

10875 

90682 

09818 

6 

65 

87680 

12420 

89151 

10849 

90708 

09292 

5 

56 

87606 

12894 

89177 

10823 

90734 

09266 

4 

67 

87683 

12367 

89203 

10797 

90759 

09241 

t 

68 

87659 

12841 

89229 

10771 

90785 

09215 

2 

59 

87885 

12315 

89256 

10745 

90611 

09169 

1 

60 

87711 

12289 

89281 

10719 

90887 

09163 

0 

/ 

Cotan 

Tan 

Cotan 

Tan 

Cotan 

Tan 

t 

68« 

B2« 

61» 

340  TABLE  VIII.— LOG.  TANGENTS  AND  COTANGENTB- 


1 

89- 

40» 

41« 

/ 

Tan 

Cotan 

Tan 

Cotan 

Tan 

Cotan 

0 

9.90887 

10.09163 

9.92381 

10.07619 

9.93916 

10.06064 

60 

1 

90868 

09187 

92407 

07593 

93942 

08058 

60 

8 

90889 

09111 

92438 

07567 

93967 

06038 

58 

8 

90914 

09066 

92458 

07642 

93998 

06007 

57 

4 

90940 

09060 

92484 

07516 

94018 

05962 

56 

5 

90966 

09084 

92610 

07490 

94044 

05966 

55 

6 

90992 

09008 

92585 

07465 

94069 

06931 

54 

7 

91018 

08982 

92661 

07439 

94095 

05906 

53 

6 

91043 

08057 

92587 

07418 

94120 

06880 

52 

9 

91069 

08981 

92612 

07888 

94146 

06854 

51 

10 

9.91095 

10.08905 

9.92688 

10.07368 

9.94171 

10.05829 

50 

11 

91121 

06879 

92663 

07887 

94197 

05803 

49 

Vi 

91147 

08863 

92689 

07811 

94222 

06778 

48 

13 

91172 

06828 

92716 

07285 

94248 

05762 

47 

14 

91196 

08802 

92740 

07260 

94278 

05727 

46 

15 

91224 

06776 

92766 

07234 

94299 

05701 

46 

16 

91250 

08750 

92792 

07208 

94324 

06676 

'  44 

17 

91276 

08724 

92817 

07183 

94850 

05660 

43 

18 

91801 

08699 

92848 

07167 

94376 

06625 

42 

19 

91327 

08673 

92868 

07182 

94401 

06599 

41 

90 

9.91353 

10.08647 

9.92894 

10.07106 

9.94426 

10.05574 

40 

31 

91379 

08621 

92920 

07080 

94462 

05548 

39 

22 

91404 

08596 

92945 

07055 

94477 

05528 

36 

28 

91430 

08570 

92971 

07029 

94503 

05497 

37 

24 

91456 

08544 

92996 

07004 

94628 

06472 

36 

25 

91482 

08518 

98022 

06978 

94564 

05446 

35 

26 

91607 

08493 

93048 

06952 

94579 

05421 

84 

27 

91533 

08467 

98078 

06927 

94604 

05396 

83 

28 

91559 

06441 

93099 

06901 

94630 

06370 

82 

29 

91685 

08416 

98124 

06876 

94656 

05345 

81 

80 

9.91610 

10.08390 

9.96150 

10.06850 

9.94681 

10.06819 

80 

81 

91636 

08364 

93175 

06825 

94706 

05294 

29 

82 

91662 

08338 

93201 

06799 

94732 

05268 

28 

83 

91688 

08312 

93227 

06778 

94757 

06248 

27 

84 

91713 

08287 

93252 

06746 

94783 

05217 

26 

85 

91789 

08261 

93278 

06722 

94806 

06192 

25 

86 

91765 

08235 

93303 

06697 

94884 

05166 

24 

87 

91791 

08209 

98329 

06671 

94859 

06141 

28 

88 

91816 

08184 

93364 

06646 

94884 

05116 

22 

89 

91842 

08158 

93380 

06620 

94910 

06090 

21 

40 

9.91868 

10.08132 

9.93406 

10.06594 

9.94985 

10.06066 

20 

41 

91893 

08107 

93431 

06569 

94961 

06089 

19 

42 

91919 

08081 

93457 

06543 

94986 

05014 

18 

43 

91945 

08055 

93482 

06518 

95012 

04968 

17 

44 

91971 

08029 

93506 

06492 

96037 

04968 

16 

45 

91996 

08004 

96583 

06467 

96062 

04936 

15 

46 

92022 

07978 

93559 

06441 

95068 

04912 

14 

47 

92048 

07962 

98584 

06416 

95113 

04887 

18 

48 

92073 

07927 

93610 

06390 

96139 

04861 

12 

49 

92099 

07901 

93636 

06364 

95164 

048:^6 

11 

60 

9.92125 

10.07875 

9.98661 

10.06389 

9.96190 

10.04810 

10 

51 

92150 

07850 

93687 

06318 

95215 

04785 

9 

62 

92176 

07824 

93712 

06288 

95240 

04760 

8 

63 

92202 

07798 

93738 

06262 

95266 

04734 

7 

54 

92227 

07778 

93763 

06237 

95291 

04709 

6 

55 

92253 

07747 

93789 

06211 

95317 

04688 

5 

56 

92279 

07721 

93814 

06186 

95342 

04668 

4 

67 

9i304 

07696 

93840 

06160 

95368 

04632 

8 

58 

92330 

07670 

93865 

06135 

95398 

04607 

2 

59 

92356 

07644 

93801 

06109 

95418 

04582 

1 

60 

92381 

07619 

93916 

06064 

95444 

04556 

0 

/ 

Cotan 

Tan 

Cotan 

Tan 

Cotan 

Tan 

/ 

60* 

49« 

48» 
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1 

42- 

48» 

44» 

t 

Tan 

Ootan 

Tan 

Cotan 

Tan 

Cotan 

0 

9.95444 

10.04556 

9.96966 

10.03084 

9.98484 

10.01516 

60 

1 

96469 

04531 

96991 

06009 

98509 

01491 

59 

8 

95496 

04506 

97016 

02984 

96534 

01466 

58 

8 

95620 

04480 

97042 

02958 

96560 

01440 

67 

4 

96645 

04455 

97067 

02938 

98685 

01415 

56 

5 

95571 

04429 

97092 

02906 

98610 

01390 

55 

6 

96596 

04404 

97118 

02888 

98685 

01365 

54 

7 

95622 

04878 

97148 

02857 

98661 

01839 

58 

8 

96647 

04353 

97168 

02882 

96686 

01814 

52 

9 

95672 

04828 

97198 

02807 

96711 

01289 

51 

10 

9.95698 

10.04802 

9.97819 

10.08781 

9.96737 

10.01263 

50 

11 

95728 

04277 

97244 

02766 

98762 

01288 

49 

12 

95748 

04252 

97269 

02781 

98787 

01213 

48 

13 

95774 

04228 

97296 

02705 

98812 

01188 

47 

14 

96799 

04v>01 

97320 

02680 

96838 

01162 

46 

15 

95825 

04175 

97845 

02656 

98868 

01187 

45 

16 

95860 

04150 

97871 

02629 

98886 

01112 

44 

17 

95875 

04125 

97896 

02604 

96918 

01087 

48 

18 

95901 

04099 

97421 

02579 

96989 

OlOCl 

48 

19 

95926 

04074 

97447 

02553 

98964 

01086 

41 

80 

9.95952 

10.04048 

9.97478 

10.02528 

9.98989 

10.01011 

40 

81 

96977 

04028 

97497 

02603 

99015 

00986 

39 

88 

96002 

08996 

97528 

02477 

99040 

00960 

38 

8» 

06028 

03972 

97548 

02452 

99065 

00986 

87 

24 

96053 

03947 

97673 

0242? 

99090 

00910 

86 

85 

960'i'8 

06922 

97598 

02402 

99116 

00684 

85 

26 

96104 

08896 

97624 

02376 

99141 

00659 

34 

27 

96129 

08871 

97649 

02351 

90166 

00684 

33 

88 

96155 

06845 

97674 

02826 
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TABLE,  IX.— FUNCTIONS  OF  A  ONE-DEGREE  CURVE. 


The  Long  Chords,  Mid-Ordinates,  Externals,  and  Tangent 
Distances  of  this  table  are  for  a  curve  of  5730  feet  radius.  To 
find  the  corresix)nding  functions  of  any  other  curve  divide  the 
tabular  values  by  the  degree  of  curve. 

For  metric  curves  having  20-metre  chords,  multiply  tne  degree 
by  5  and  enter  the  table  with  the  result  as  a  value  of  D,  the  tabu- 
lar values  being  taken  as  metres  instead  of  feet 

Thus  for  a  1°  30'  metric  curve  having  /=  45'  the  tangent  dis- 

2373  4 
tance  is  2^=  — ^  ^ '     =  816.45  metres.    Again,  suppose  J=  88* 


1.5X5 
and  the  long  chord  : 


373.1  m.  known  and  D  required.     The 


tabular  L,  G.  is  8731  m.;  therefore  D  =  -^ 


3731.0 


373.1  X  5 


=  2"  0'. 


0» 

] 

• 

/ 

L.  C. 
0.00 

M. 
0.000 

E. 
0.000 

T. 

0.00 

L.  C. 
100.00 

M. 
0.218 

E. 

0.218 

T. 

60.00 

0 

0 

2 

3.33 

0.000 

0.000 

1.67 

103.33 

0.233 

0.283 

51.67 

2 

4 

6.67 

0.001 

0.001 

3.33 

106.66 

0.248 

0.248 

58.33 

4 

6 

10.00 

0.002 

0.002 

5.00 

110.00 

0.264 

0.264 

56.00 

6 

8 

13.33 

0.004 

0.004 

6.67 

113.83 

0.280 

0.280 

66.67 

8 

10 

16.67 

0.006 

0.006 

8.33 

116.66 

0.297 

0.297 

68.33 

10 

12 

20.00 

0.009 

0.009 

10.00 

120.00 

0.314 

0.314 

60.00 

12 

14 

23.33 

0.012 

0.012 

11.67 

123.83 

0.382 

0.332 

61.67 

14 

16 

26.67 

0.015 

0.015 

18.33 

126.66 

0.350 

0.350 

63.83 

16 

18 

80.00 

0.019 

0.019 

15.00 

130.00 

0.368 

0.368 

65.00 

18 

20 

38.83 

0.024 

0.024 

16.67 

138.33 

0.388 

0.888 

66.67 

90 

22 

36.67 

0.029 

0.029 

18.33 

136.66 

0.407 

0.407 

68.33 

22 

24 

40.00 

0.035 

0.035 

20.00 

140.00 

0.427 

0.427 

70.00 

24 

26 

43.38 

0.041 

0.041 

21.67 

143.38 

0.448 

0.448 

71.67 

26 

28 

46.67 

0.048 

0.048 

23.33 

146.66 

0.469 

0.469 

73.83 

28 

80 

60.00 

0.054 

0.054 

25.00 

150.00 

0.491 

0.491 

76.00 

30 

32 

53.38 

00C2 

0.062 

26.67 

153.38 

0.513 

0.513 

76.67 

as 

84 

56  67 

0  070 

0.070 

28.33 

156.66 

0.536 

0.536 

78.33 

84 

36 

60  00 

0.079 

0.079 

30.00 

160.00 

0.569 

0.559 

80.00 

86 

88 

63.3:3 

0.068 

0.088 

31.67 

163.83 

0.582 

0.582 

81.67 

38 

40 

66.67 

0.097 

0.097 

33  33 

166.66 

0.606 

0.606 

83.33 

40 

42 

70.00 

0.107 

0.107 

35.00 

170.00 

0.630 

0.680 

85.00 

42 

44 

78.33 

0.117 

0.117 

36.67 

178.38 

0.655 

0.655 

86.67 

44 

46 

76.67 

0.128 

0.128 

38.33 

176.66 

0.681 

0.681 

88.33 

46 

48 

80.00 

0.140 

0.140 

40.00 

180.00 

0.706 

0.706 

90.00 

48 

50 

83.33 

0.151 

0.151 

41.67 

183.33 

0  738 

0.733 

91.67 

50 

62 

86  67 

0.164 

0.164 

43.38 

186.66 

0.760 

0.760 

98.83 

58 

64 

90.00 

0  176 

0.176 

45  00 

190.00 

0.788 

0.788 

95.00 

54 

66 

98  83 

0.190 

0.190 

46.67 

193.33 

0.815 

0.815 

96.67 

66 

68 

96.67 

0.204 
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48  33 

196.66 

0.844 

0.844 

98.83 

68 

60 

100.00 

0.218 

0.218 

50  00 

199.98 

0.873 

0.873 
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T. 

L.  C. 
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0 
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0.878 
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100.00 

299.96 

1.964 

1.964    160.07 

0 
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203.81 

0.902 

0.902 

101.67 

803.29 

8.008 

2.009    151.74 

2 

4 

206.64 

0.982 

0.932 

103.34 

80G.62 

2.053 

2.064    163.41 

4 

6 

209.97 

0.962 

0.962 

105.01 

309  95 

2.098 

2.099    156.06 
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213.31 

0.993 
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106.68 

813.29 
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2.144    156.75 
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216.64 

1.024 

1.024 

108.85 

816.62 

2.188 

8.189    168.42 
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219.97 
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110.02 

319.95 

2.286 

8.286    160.09 
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223.80 
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1.088 

111.69 

823.28 

2.282 

2.283    161.76 

14 

16 

226.64 

1.121 

1.121 

113.86 

826.62 

2.329 

2.880    163.48 

16 
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229.97 

1.154 

1.164 

115.02 

829.96 

2.376 

2.877    165.09 

18 
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233.80 

1.188 

1.188 

116.69 

833.28 
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2.486    166.76 
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236.63 
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118.36 
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1.256 
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1.292 
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183.88 
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2.984    183.40 

40 
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1.598 
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135.05 

369.94 
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2.968    185.07 

48 

44 

273.29 

1.682 

1.632 

136.72 

373.27 
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8  043    186.74 

44 
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276.62 
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1.672 

188.38 

376.60 
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140.05 
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8.152    190.07 
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288.29 
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141.72 

883.27 
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8.207    191.74 
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286.62 

1.794 

1.794 

143.89 

386.60 

8.263 

8.264    193.41 

68 

54 
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1.886 

1.886 

145.06 

389.94 

8.820 
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66 

298.29 
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146.73 

393.27 
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68 
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148.40 
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68 

60 
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1.964 

1.964 

150.07 

399.94 

3.491 
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L.C. 

M. 

E. 

T. 

L.C. 

M. 

E.         T. 

0 

899.94 

3.491 

8.492 

200.09 

499.88 

6.454 

6.459    260.17 
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8 
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8.730 

206.77 

613.20 

5.749 

5.755    256.86 
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416.69 
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8.790 

208.44 

516  58 

6.828 

6.829    268.52 
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12 
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6.905    860.20 
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/ 

L.  C.         M.           E.         T. 

L.  C.         M.          E.          T. 

0 
8 
4 
6 
8 
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18 
14 
16 
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20 
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24 
26 
28 
80 
82 
84 
86 
88 
40 
48 
44 
46 
48 
60 
62 
64 
66 
68 
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609.80      7.850      7.861    800.30 
608.18      7.940      7.951    801.97 
606.46     8.080     8.041    808.64 
609.78      8.120     8:131    305.31 
618.11      8.210     8.221    806  98 
616.44      8.300      8.311    308.65 
619.76      6.390      8.401    310.32 
623.09      8.480     8.491    311.99 
686.48     8.570     8.581    313.66 
629.74     8.660     8.671    315.88 
633.07     8.750     8.761    817.00 
636.40      8.844      8.856    818.67 
639.72      8.939      8.951    820.84 
643.05      9.083      9.046    822.01 
646.88     9.128     9.141    823.68 
649.70      9.222      9.286    385.35 
653.03     9.317      9.331    827.02 
656.86      9.411      9.426    828.69 
659.69      9.506      9.521    330.37 
663.02      9.600     9.616    382.04 
666.84      9.695      9.712    883.71 
669.67      9.794      9.812    885.88 
673.00      9.894      9.912    887.05 
676.32      9.993    lO.Ol      SSS.TB 
679.65    10.09      lO.ll      840.40 
682.98    10.19      10.81      842.07 
686.80    10.29      10.31      848.74 
689.63    10.39      10.41      845.41 
692.96    10.49      10.51      847.08 
696.28    10.59      10.61      848.76 
699.60    10.69      10.71      850.44 

699.60     10.69     10.71     850.44 
702.93     10.79     10.81     852.11 
706.26     10.90     10.98    868.79 
709.58     11.00    11.08    865.46 
712.91     11.11     11.18    867.18 
716.24     11.21     11.88    868.81 
719.56     11.81     11.88    860.48 
782.89     11.48     11.44    868.16 
726.21     11.68    11.64    868  88 
729.53     11.68    11.65    866.60 
732.86     11.78    11.75    867.17 
736.19     11.84     11.86    868.85 
739.51     11.95     11.97    870.52 

742.81  12.06     12.08    872.19 

746.17  12.17     12.19    873.86 
749.49     12.27     12.30    375.54 

752.82  12.38     12.41     877.22 
756.15     12.49     12.58     378.89 

759.47  12.60     12.63     380  67 
762.80     12.71     12.74    882.24 

766.18  12.88     12.85    888.92 
760.45     12.98     18.96    886.60 
772.78     18.04     18.08    887.27 
776.11     18.16     13.19    888.95 

779.48  18.26     13.81     890.62 
782.76     18.37     13.48    892.80 
786.09     13.48     18.53    893.98 
789.41     18.59     18.65    395.65 
792.74  ^13.70     13.76    897.88 
796.07     18.81     18.88    ^9.01 
799.40     18  96     13.99    400.70 
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799.40     18.96      13.99     400.70 
802.72     14.07      14.10     402.37 
806.04     14.19      14.22     404  06 

809.87  14.31      14.34     405.72 
812.69     14  43      14.46     407.89 
816.01     14.55      14.58     409.06 
819.34     14.66      14.70     410.74 
822.66     14.78      14.82     412.41 
825.98     14.90      14.94     414. OS 
829.31     16.02      15.06     415.75 
882.68     15.14      16.18     417.48 
885.95     15.26      16.80     419.10 
839.28     16.38      15.48     420.77 
842.60     16.51      15.56     422.45 
845.98     15.63      15.68     424.12 
849.25     16.75      15.80     425.79 
852.57     16.88      15.98     427.47 
aw. 89     16.00      16.05     429.15 
859.22     16.12      16.18     430.82 
862.54     16.26      16.30     432.50 
866.86     16.88      16.48     434.18 
869.19     16.50      16.55     435.86 
872.51     16.63      16.68     437.54 

875.88  16.76      16.81     439.21 
879.16     16.89      16.94     440.89 
882.48     17.02      17.07     442.57 
885.80     17.14      17.19     444.25 
889.18     17.27      17.32     445.98 
892.45     17.40      17.45     447.60 
895.77     17.63      1758     449.28 
899.10     17.66      17.71     450.95 

899.10     r,66     17.71    460.95 
902.42     17.79     17.84    452.68 
905.74     17.92     17.98    454.31 
909.07     18.06     18.11    456.98 
912.89     18.19     18.25    457.66 
915.71     18.32     18.38    459.34 
919.04     18.46     18.68    461.02 
922.36     18.59     18.66    462.70 
925.68     18.72     18.79    464.37 
929.01     18.86     18.98    466.06 
932.33     18.99     19.06    467.78 
935.65     19.12     19.19    469.41 
938.98     19.26     19.33    471.06 
948.30     19.40     19.47    472.76 
945.62     19.54     19.61    474.43 
948.95     19.68     19.75    476.10 
952.27     19.82     19.89    477.78 
955.59     19.96     20.03    479.46 
958.98     20.10    20.17    481.14 
962.24     80.24    80.31    482.83 
965.56     20.38    20.45    484.51 
968.89     20.52    20.59    486.19 
972.21     80.66    80.74    487.87 
975.58     20.80     20.88    489.56 
978.86     20.94    21.03    491.24 
982.18     81.09     21.17    492.92 
985.50     21.23     21.31    494  60 
988.83     21.37    21.46    496.88 
992.15     21.51     21.60    497.96 
995.47     21.65     21.75    499.65 
998.80     21.80     21.89    601.88 

0 
3 

4 
6 
8 
10 
13 
14 
16 
18 
80 
88 
84 
86 
88 
80 
83 
84 
86 
88 
40 
42 
44 
46 
48 
60 
58 
64 
66 
68 
60 

IX.— FUNCTIONS  OF  A  ONE-DEGREE  CUHVB. 

345 

/ 

io»              i 

IV 

/ 

L  C. 

M. 

E. 

T. 

L.C. 

M. 

E. 

T. 

0 

908.8 

21.80 

81.89 

501.82 

1098.4 

26.36 

86.50 

551.74 

0 

2 

1002.1 

21.94 

88.03 

608.00 

1101.7 

26.54 

26.66 

658.42 

2 

4 

1005.4 

22.09 

82.18 

504.68 

1105.0 

26  70 

26.88 

655.10 

4 

6 

1006.8 

22.24 

22.8:^ 

506.86 

1108  8 

26.86 

86.99 

656.78 

6 

8 

1012.1 

22.39 

22.48 

506.04 

1111.7 

27.08 

27.16 

568.46 

8 

10 

1015.4 

22.54 

22.68 

509.';2 

1115.0 

27.19 

27.82 

560.14 

10 

12 

1018.7 

22.68 

22.78 

511.40 

1118.3 

27.36 

27.48 

561.62 

18 

14 

1022  0 

22.88 

22.98 

513.06 

1121.6 

87.51 

87.65 

663.50 

14 

16 

1025.4 

22.96 

28.06 

514.76 

1124.9 

27.67 

87.81 

565.18 

16 

18 

1028.7 

23.18 

23  S8 

516.44 

1128.2 

27.83 

87.98 

566.86 

18 

SO 

1062.0 

23.28 

23.88 

518  12 

1181.6 

28.00 

88.14 

566.64 

80 

22 

1085.3 

23.48 

23.53 

519.80 

1184  9 

26.17 

88.80 

570.22 

88 

24 

1088.6 

28.^8 

23  68 

521.48 

1138.2 

28.34 

88.47 

571.90 

84 

26 

1042.0 

28.78 

23.84 

523.16 

1141.5 

26.50 

88  64 

578.58 

86 

28 

1045  3 

28.88 

23.99 

524.86 

1144.8 

28.67 

88.81 

575  27 

88 

80 

1048.6 

24.04 

84.14 

526.53 

1148.1 

28  84 

88.98 

576.95 

80 

82 

1051.9 

24.19 

24.80 

528.21 

1151.5 

29.00 

29.14 

578.63 

82 

84 

1055.2 

24.34 

24  45 

529.89 

1154.8 

29.17 

89.31 

580.82 

84 

86 

1058.6 

24.49 

24.60 

631.57 

1158.1 

29.34 

89.48 

582.00 

86 

38 

1061.9 

24.64 

24.76 

533.25 

1161.4 

29.50 

89.65 

583.69 

88 

40 

1065.2 

24.80 

24.91 

584.98 

1164.7 

29.67 

29.82 

585.87 

40 

42 

1068.5 

24.95 

25.06 

536.61 

1168.0 

29.84 

89.99 

587.05 

42 

<4 

1071.8 

25.11 

85.22 

538  29 

1171.4 

80.01 

80.17 

688.74 

44 

46 

1075.2 

25.27 

25.38 

539.97 

1174.7 

80.18 

80.84 

590.42 

46 

48 

1078.5 

25.48 

85.54 

541.65 

1178.0 

80.85 

80.52 

692.11 

48 

50 

1061.8 

25.59 

25.70 

543.33 

1181.3 

80.53 

80  69 

598.79 

50 

62 

1085.1 

25.74 

25.86 

545.01 

1184.6 

80.70 

80.86 

595  47 

52 

54 

1068.4 

25.90 

26.02 

646.69 

1187.9 

30.87 

31.04 

597.16 

64 

56 

1091.8 

26.06 

26.18 

548.87 

1191.3 

81.04 

81.21 

598.84 

56 

58 

1095.1 

26  22 

26.84 

550.06 

1194.6 

31.21 

81.89 

600.53 

58 

60 

1096.4 

26.38 

26.60 

661.74 

1197.9 

81.39 

81.56 

602.22 

60 

» 

12*                        1 

!«• 

/ 

L.  C. 

M. 

E. 

T. 

L.  C. 

M. 

E 

T. 

0 

1197.9 

81.89 

31.56 

602.22 

1297.3 

36.83 

87.07 

662.87 

0 

2 

1201.2 

81.57 

31. -;8 

603.91 

1800.6 

87.08 

87.26 

664.56 

8 

4 

1204.6 

81.74 

81.91 

605.60 

13039 

37.21 

87.46 

656.25 

4 

6 

1207.8 

81.92 

32.09 

607.28 

1307.2 

87.40 

87.66 

657.93 

6 

8 

1211  1 

82.09 

82.27 

608.97 

1810.5 

87.59 

87.85 

659.62 

6 

10 

1214.5 

32.27 

82.45 

610.66 

1313.8 

87  79 

38.04 

661.31 

10 

12 

1217.8 

82.45 

82.63 

612.35 

1317.2 

87.98 

88.23 

663.00 

12 

14 

1221.1 

82.68 

82.81 

614.04 

1820.5 

88.17 

88.43 

664.69 

14 

16 

1224.4 

82.80 

82.99 

615.72 

182:3.8 

88.36 

88.62 

666.37 

16 

18 

1227.7 

82.97 

38.17 

617.41 

1327.1 

38.55 

38.82 

668.06 

16 

20 

1281.0 

83.15 

83.85 

619.10 

1830.4 

88.75 

89  01 

669.75 

20 

22 

1284.8 

83.88 

83.53 

6J0.79 

1333.7 

88.95 

89.8C 

671 .44 

82 

24 

1237.7 

88.51 

88. ^-J 

622.48 

1337.0 

89.15 

89.40 

618.13 

24 

26 

1241.0 

88.60 

33.90 

6.^4.16 

1340.3 

39.35 

89.60 

674.81 

26 

28 

1244.8 

83.87 

84.09 

6-.'5.85 

1843.6 

89.54 

89.80 

676.51 

28 

30 

1247.6 

84.06 

84.27 

627.55 

1346.9 

39.74 

40.00 

678.20 

30 

82 

1250.9 

84.24 

84.45 

629.24 

law. 8 

39.94 

40.19 

679.89 

82 

84 

1254.2 

34.4^ 

34  64 

630.93 

1853  6 

40.18 

40.39 

681.58 

84 

86 

1267.5 

84.60 

84.82 

632.61 

1*56.9 

40.33 

40  59 

683.26 

86 

88 

1260.8 

84.78 

85.01 

634.30 

1360.2 

40.52 

40.79 

684.95 

88 

40 

1264.2 

84  97 

35.19 

685.99 

1863.5 

40.71 

40.99 

686.64 

40 

42 

1267.5 

85.16 

85.37 

637.68 

1366.8 

40.91 

41.19 

686  33 

42 

44 

1270.8 

86.84 

85.56 

639.87 

1870.1 

41.11 

41.40 

690.02 

44 

46 

1274.1 

85.53 

85.75 

641.05 

1373.4 

41.31 

41.60 

691.70 

46 

48 

1277.4 

85.71 

85.94 

642.74 

1376.7 

41.51 

41.81 

693.39 

48 

50 

1280.7 

86.90 

86.13 

644.43 

1880.0 

41.71 

42.01 

695.08 

60 

62 

1284.0 

86.09 

86.31 

646.12 

1883.4 

41.91 

42  81 

696.77 

58 

54 

1287.4 

86.27 

36.50 

647.81 

1386.7 

42.11 

42.42 

698.46 

54 

66 

1290.7 

86.46 

36.69 

649.49 

1390.0 

42  31 

42.62 

700.14 

66 

» 

1294.0 

86.64 

86.88 

651.18 

1393.3 

42.51 

42.83 

701.88 

58 

66 

1297.3 

86.88 

87.07 

652.87 

1306.6 

42.71 

48.03 

708.58 

60 
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/ 

140                         1 

160 

/ 

L.  C. 

M. 

E. 

T. 

L.  C. 

M. 

E. 

T, 

0 

1396.6 

42.71 

48.06 

ro3.5d 

1495.9 

49.02 

49.44 

754.85 

0 

2 

1399.9 

42.92 

43.28 

705.28 

1499.2 

49.24 

49.66 

756.05 

2 

4 

1403.2 

43.12 

43.44 

706.92 

1502.5 

49.46 

49.89 

757.74 

4 

6 

1406.5 

43.38 

43.65 

708.62 

1505.8 

49.68 

60.11 

759.44 

6 

8 

1409.8 

43.53 

48.86 

710.81 

1509.1 

49  90 

50.84 

761.18 

8 

10 

1413.1 

48.74 

44.07 

712.01 

1512.4 

50.12 

60.56 

762.88 

10 

12 

1416.5 

48.94 

44.28 

713.71 

1515.7 

50.34 

50.78 

764.53 

12 

14 

1419.8 

44.15 

44.49 

715.40 

1519.0 

50.56 

61.01 

766.22 

14 

16 

1423.1 

44.35 

44.70 

717.10 

1522.3 

50  78 

61.23 

767.92 

16 

18 

1426.4 

44.56 

44.01 

718.79 

1525.6 

51,00 

61.46 

769.61 

18 

90 

1429.7 

44.77 

45.12 

720.49 

1528.9 

61.22 

61.68 

771.81 

80 

23 

1433.0 

44.98 

45.38 

722.20, 

1532.2 

51.44 

61.90 

778.01 

88 

24 

1436.3 

45.19 

45.54 

728.89 

1585.5 

51.67 

52.13 

774.70 

84 

26 

1439.6 

45.40 

45.76 

726.59 

1588.8 

51.89 

62.86 

776.40 

86 

28 

1442.9 

45.61 

45.97 

727.28 

1542.1 

62.12 

52.50 

778.09 

88 

80 

1446  2 

45.82 

46.18 

728.97 

1545.4 

52.34 

52.82 

779.79 

80 

32 

1449.6 

46.08 

46.40 

730.66 

1548.7 

6<J.57 

53.05 

781.49 

88 

84 

1452.9 

46.24 

46.61 

782.35 

1552.0 

62.79 

58.28 

783.19 

84 

86 

1456.2 

46.45 

46.82 

784.05 

1555.3 

53.02 

53.51 

784.89 

86 

88 

1459.5 

46.66 

47.04 

785.74 

1558.6 

63.24 

63.74 

786.50 

88 

40 

1462.8 

46.87 

47.25 

787.43 

1561.9 

63.47 

63.97 

788.20 

40 

42 

1466.1 

47.08 

47.46 

739.12 

1565.2 

53.69 

54.20 

780.99 

48 

44 

1469.4 

47.30 

47.68 

740.81 

1568.5 

53.92 

54.44 

791.69 

44 

46 

1472.7 

47.51 

47.90 

742.51 

1571.8 

54.15 

54.67 

793.89 

46 

48 

1476.0 

47.78 

48.12 

744.20 

1575.1 

54.38 

54.91 

795.09 

48 

60 

1479.3 

47.94 

48.34 

745.89 

1578.4 

54.61 

65.14 

796.79 

60 

62 

1482.7 

48.16 

48.56 

747.58 

1581.7 

54.64 

55.87 

798^49 

68 

54 

1486.0 

48.37 

48.78 

749.27 

1585.0 

65.07 

55.61 

800.19 

64 

56 

1489.3 

48.69 

49.00 

750.97 

1588.3 

55.30 

56.84 

801.88 

66 

58 

1492.6 

48.80 

49.22 

752.66 

1591.6 

55  53 

66.06 

803.59 

58 

60 

1495.9 

49.02 

49.44 

754.35 

1594.9 

65.76 

66.81 

805.29 

60 

/ 

160                         1 

17*                         , 

» 

L.  C. 

M. 

E. 

T. 

L.  C. 

M. 

E. 

T. 

0 

1594.9 

65.76 

56.31 

805.29 

1693.9 

62.94 

68.64 

856.35 

0 

2 

1598.2 

65.99 

56.54 

806.99 

1697.2 

63.18 

68.B9 

858.06 

8 

4 

1601.5 

56.28 

56.78 

806.64 

1700.5 

63.43 

64.16 

850.76 

4 

0 

1604.8 

56.46 

57.02 

810.39 

1708.8 

63.68 

64.40 

861.46 

6 

8 

1606.1 

66.70 

57.26 

812.09 

1707.1 

63.98 

64.66 

868.16 

8 

10 

1611.4 

5iB.93 

57.50 

813.79 

1710.4 

64.18 

64.91 

864.87 

10 

12 

1614.7 

57.17 

57.74 

815.49 

1713.7 

64.42 

66.16 

866.57 

18 

14 

1618.0 

57.40 

57.98 

817.19 

1716.9 

64.67 

66.42 

868.27 

14 

16 

1621.3 

57.64 

58.22 

818.89 

1720.2 

64.02 

66.67 

869.98 

16 

18 

1624.6 

57.87 

58.46 

820.59 

1723.5 

66.17 

66.98 

871.08 

18 

20 

1627.9 

58.11 

58.70 

822.29 

1726.8 

65.42 

66.18 

8T8.88 

80 

22 

1681.2 

58.34 

58.94 

823.99 

1780.1 

66.67 

66.48 

875.09 

88 

24 

1634.5 

58.58 

59  19 

825.69 

1733.4 

65.93 

66.69 

876.70 

84 

26 

1637.8 

58.82 

59.48 

827.89 

1736.7 

66.18 

66.06 

878.49 

86 

28 

1641.1 

59.06 

50.68 

829.09 

1740.0 

66.44 

67.21 

880.20 

88 

80 

1644.4 

59.80 

59.92 

880.79 

1748.3 

66.09 

67.47 

881.90 

80 

82 

1647.7 

60.64 

60.16 

882.49 

1746.6 

66.94 

67.72 

883.61 

88 

84 

1651.0 

69.78 

60.41 

834.20 

1749.9 

67.20 

67.98 

885.82 

84 

86 

1654.3 

60.02 

60.65 

885.90 

1758.2 

67.45 

68.24 

887.02 

86 

88 

1657.6 

60.26 

60.90 

887.61 

1756.5 

67.71 

68.50 

888.78 

88 

40 

1660  9 

60.50 

61.14 

889.81 

1759.8 

67.06 

68.76 

800.44 

40 

42 

1664.2 

60.74 

61.39 

841.01 

1768.1 

68.21 

60.06 

892.15 

48 

44 

1667.5 

60.90 

61.64 

812.72 

1766.3 

68.47 

60.20 

888.86 

44 

46 

1670.8 

61.28 

61.89 

844.42 

1769.6 

68.78 

60.66 

896.56 

46 

48 

1674.1 

61.48 

62.14 

846.18 

1772.9 

68.99 

69.8B 

897.27 

48 

60 

1677  4 

61.72 

62..^ 

847.88 

1776  2 
1779.5 

69.25 

70.09 

898.98 

60 

52 

1680.7 

61.06 

62.64 

849.58 

69.50 

70.86 

900.60 

68 

54 

1684.0 

62.21 

62.89 

851  24 

1782.8 

69.76 

70.68 

902.40 

64 

66 

1687.8 

62.45 

68.14 

852.94 

1786.1 

70.02 

70.80 

904.10 

56 

58 

1690.6 

62.70 

68  89 

864.65 

1789.4 

70.28 

71.17 

905.81 

68 

^0 

1693.9 

62.94 

63.64 

856.85 

1792.7 

70.64 

71.48 

907.68 

60 

IX-PHNCnONS  OP  A  ONB-DBGREE  CURVE. 

34' 

18-                      1 

19-                         1 

# 

L.C. 

M. 

E. 

T. 

L.  C.       M. 

E. 

T. 

# 

0 

1792.7 

70.54 

71.42 

907.52 

1891.5    78.58 

79.65 

958.86 

0 

2 

1TB6.0 

70.80 

71.60 

000.28 

1894.8    78.86 

79.94 

960.57 

2 

4 

1790.3 

71.06 

71.96 

01004 

1898.1    79.18 

80.22 

962.80 

4 

6 

1802.6 

71.88 

72.28 

012.66 

1901.8    79.41 

80.61 

964.00 

6 

8 

1805.9 

71.50 

72.50 

014.36 

1904.6    79.68 

80.79 

965.72 

8 

10 

1809.2 

71.85 

72.77 

016.07 

1907.9    79.96 

81.06 

967.43 

10 

13 

1812.6 

72.12 

78.04 

917.78 

1911.2    80.24 

81.87 

969.15 

18 

14 

1815.7 

72.88 

78.81 

919.49 

1914.5    80.51 

81.65 

970.86 

14 

16 

1819.0 

72.64 

73.58 

921.20 

1917.8    80.79 

81.94 

972.58 

16 

18 

1822.8 

72  91 

73.85 

922.01 

1921.0    81.07 

82.82 

974.29 

18 

SO 

1825.6 

78.17 

74.12 

924.68 

1924.8    81.85 

88.51 

976.01 

20 

» 

1828.9 

78.48 

74.80 

926.84 

1927.6    81.68 

82.80 

977.72 

22 

94 

1882.2 

73.70 

74.67 

928.05 

1980.0    81.91 

83.09 

979.44 

24 

96 

1885.5 

78.97 

74.94 

929.76 

1934.2    82.20 

83.88 

061.15 

26 

28 

1888.8 

74.24 

75.22 

031.47 

1987.5    82.48 

88.67 

982.86 

28 

ao 

1842.1 

74.51 

75.40 

933.18 

1940.7    82.76 

88.97 

964.58 

30 

82 

1845.4 

74.77 

75.77 

984.80 

1944.0    83.05 

84.26 

966.80 

32 

84 

1848.7 

75.04 

76.04 

936.60 

1947.8    83.88 

84.55 

968.02 

84 

86 

1852.0 

75.31 

76.32 

938.32 

1950.6    83.61 

84.84 

969.74 

86 

88 

1855.8 

75.58 

76.50 

940.03 

1953.9    83.90 

88.18 

991.46 

88 

40 

1858.6 

75.85 

76.87 

941.74 

1957.2    84.18 

85.48 

903.16 

40 

42 

1861.9 

76.12 

77.14 

943.46 

1960  4    84.47 

85.78 

904.90 

42 

44 

1865.1 

76.30 

77.42 

945.16 

1963.7    84.75 

86.02 

096.62 
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46 

1868.4 

76.67 

77.70 

946.88 
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86.82 
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48 

1871.7 

76.94 
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948.59 

1970.3    85.32 
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77.21 
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52 

1878.8 

77.49 
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77.76 

78.81 
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56 
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18 
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20 
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22 
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1184.9 
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24 
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1184.6 

2823.9 
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24 

26 
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28 
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82 
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84 
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110.7 
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1143.2 

2840.2 
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128.3 

1195.3 

84 

86 
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118.8 

1144.9 
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1197.1 

86 

88 

2248.8 

111.4 

118.6 

1146.7 

2346.7 
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1198.8 

38 

40 

2252.1 

111.7 

118.9 

1148.4 
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121.8 

124.4 

1200.5 

40 

48 

2255.4 

112.0 

114.8 

1150.1 

2353.8 

122.1 

124.8 

1202.8 

42 

44 

2258.6 

112.3 

114.6 

1151.9 

2356.6 

1225 

125.1 

1204.0 

44 

46 

2261.9 

112.7 

115.0 

1153.6 

2859.8 

122.8 

125.5 

1205.8 

46 

48 

2265.2 
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115.3 

1155.4 
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123.2 

125.8 

1207.5 

48 

50 

2268.4 

113.8 

115.7 

1157.1 

2306.8 

128.5 

126.2 

1209.2 

50 

52 

2271.7 

113.7 
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1168.8 

2369.6 

123.8 

126.6 

1211.0 

52 

54 

2275.0 

114.0 

116.3 

1160.6 

2872  8 

124.2 

126.9 

1212.7 

54 

56 

2278.8 

114.3 

116.7 

1162.8 

2876.1 

124.5 

127.8 

1214.5 

56 

58 
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114.7 

117.0 

1164.0 

2379.8 

124.9 

127.6 

1216.2 

58 
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1165.8 

2382.6 

125.2 
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M. 

E. 
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0 

2882.6 
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128.0 

1218.0 

2480.4 

135.8 

189.1 

1270.8 

0 

2 

2385.9 

125.5 

128.4 

1219.7 

2488.6 

JJ6.2 

189.5 

1272.0 

2 

4 

2389.1 

125.9 

128.7 

1221.4 

2486.9 

136.5 

139.9 

1273.8 

4 

6 

2392.4 

126.2 

120.1 

1223.2 

24no.i 

136.9 

140.3 

1275.5 

6 

8 

2395.6 

126.6 

129.5 

1224.9 

2498.4 

137.2 

140.6 

1277.3 

8 

10 

2398.9 

126.9 

129.8 

1226.7 

2496.6 

137.6 

141.0 

1279.0 

10 

12 

2402.2 

127.8 

180.2 

1228.4 

2499.9 

138.0 

141.4 

1280.8 

12 

14 

2405.4 

127.6 

130.6 

1230.2 

2503.1 

138.8 

141  8 

1282.5 

14 

16 

2408.7 

128.0 

130.9 

1231.9 

2.506.4 

1:^8.7 

142.2 

1284.8 

16 

18 

2411.9 

128.3 

131.8 

1283.6 

2509.6 

139.0 

142.5 

1286.1 

18 

20 

2415.2 

128.7 

1S1.7 

1235.4 

2512.9 

130.4 

142.9 

1287.8 

20 

22 

24186 

129.0 

182.0 

1237.1 

2.M6.1 

139.8 

143.8 

1289.6 

22 

24 

2421.7 

129.4 

182.4 

128S.9 

2519.4 

140.1 

143.7 

1291.8 

84 

26 

2425.0 

129.7 

182.8 

1240.6 

2522.6 

140.5 

144.1 

1293.1 

86 

28 

2428.2 

180.1 

1331 

1242.4 

2.525.9 

140.8 

144.5 

1294.8 

88 

80 

2431 .5 

180.4 

133.5 

1244.1 

2529  I 

141.2 

lU  9 

1296.6 

80 

32 

2434.8 

130  8 

133.9 

1245.8 

2532.4 

142  6 

146  3 

1298.8 

82 

34 

24.39.0 

131.1 

134.2 

1247.6 

2535.6 

142.0 

145.6 

1:^00.1 

84 

36 

2441 .3 

131.5 

134.6 

1-249.3 

2538.9 

142.3 

116.0 

1301.8 

86 

36 

2444  5 

131.8 

135.0 

1251.1 

2542.1 

142  7 

146.4 

1303.6 

88 

40 

2447.8 

182.2 

135.4 

1252.8 

2545.4 

143.1 

146  8 

1305.8 

40 

4i 

2451.1 

1326 

135.7 

1254.6 

2548.6 

145  5 

147  2 

1307.1 

42 

44 

2454.8 

132.9 

136.1 

1256.8 

2551.9 

143.8 

147.6 

1308'.8 

44 

46 

2457.6 

133.3 

136.5 

1258.1 

2555.1 

144.2 

148.0 

1310.6 

*s 

48 

2460.8 

183.6 

186.9 

1259.8 

2558.4 

144  5 

148  4 

1312.4 

48 

50 

2464.1 

134.0 

137.2 

1261.5 

2561.6 

144.9 

148.8 

1314.1 

50 

52 

2467.4 

184.4 

137.6 

1263  3 

2564.9 

145.3 

149.2 

1315.9 

52 

54 

2470.6 

184.7 

138.0 

1265.0 

2568.1 

145.7 

149.5 

1317.6 

54 

66 

2473.9 

185.1 

188.4 

1266.8 

2571.4 

146.0 

149.9 

1819.4 

66 

68 

2477.1 

185.4 

138.7 

1268.5 

25T4.6 

146.4 

160.8 

1821.1 

58 

60 

2480.4 

185.8 

139.1 

1270.8 

2577.9 

1468 

150.7 

1322.9 
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1322.9 
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158.8 
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151.1 

1324.6 
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151.5 

1326.4 

2681.8 
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1328.1 
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1880.9 
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8 
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148.3 
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149.1 
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16 
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16 

18 
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1338.7 

2704.4 
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18 

20 
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154.7 

1340.4 

2707.7 
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20 

22 

2613.6 
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2710.9 
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24 
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189.7 

196.2 

1512.1 

84 

36 

:^8:ii>.8 

177.6 

183.2 

1460  6 

2927.4 

190.1 

196.7 

1513.9 

86 

88 

2^i^.'i 

177.9 

J85J.6 

1462.3 

2930.6 

190.5 

197.1 

1515.7 

38 

40 

2837.1 

178.4 

184.1 

1464.1 

2933.9 

190.9 

197.6 

1517.5 

40 

42 

2840  3 

178.8 

184.5 

1465.0 

2937.1 

191.4 

198.0 

1519.8 

42 

41 

2H43  5 

1792 

185.0 

1467.7 

2940.8 

191.9 

198.5 

1521 .0 

44 

46 

2846.8 

179.6 

185.4 

14(59.5 

2943.5 

192.4 

198.9 

1522.8 

46 

48 

2850.0 

180  0 

185  9 

1471.2 

2946.8 

192.8 

199.4 

1524.6 

48 

50 

2853.2 

180.4 

186  3 

14730 

29,50  0 

193.2 

199.8 

1526.4 

50 

52 

2856.5 

180.8 

186.8 

1474  8 

2953  2 

193.6 

200.3 

1.528.2 

52 

54 

2859.7 

181.2 

187.2 

1476.6 

2956.4 

194  0 

200.8 

1530.0 

54 

56 

286-3.9 

181.6 

187.6 

1478.3 

2959.6 

194.4 

201.2 

1531.7 

56 

58 

2866.2 

182  0 

188.1 

1480  1 

29629 

194.8 

201.7 

1.533.5 

58 

60 

2869.4 

182  6 

188.5 

14H1  9 

2966.1 

195.2 

202.1 

1535  3 

60 

550 

IX.— FUNCTIONS  OF  A  ONE-DEGREE  CURVE. 

1 

80- 

»!• 

/ 

/ 

L.C. 

M. 

E. 

T. 

L.  C. 

M. 

E. 

T. 

0 

2966.1 

195.2 

202.1 

1635.3 

3062.6 

206.4 

216.8 

1689.0 

0 

2 

2969.3 

195.6 

202.6 

1537.1 

3065.8 

208.8 

216.8 

1590.8 

2 

4 

2972.5 

196.1 

203.1 

15:38.9 

8060.0 

209.3 

217.2 

1692.6 

4 

6 

2975.7 

196.5 

208.5 

1540.7 

3072.2 

209.7 

217.7 

1594.4 

8 

8 

2979.0 

197.0 

204.0 

1542  5 

8075.4 

210.2 

218.2 

1596.2 

8 

10 

2982.2 

197.4 

204.5 

1544.3 

3078.6 

210.6 

218.7 

1598.0 

10 

12 

2986.4 

197.8 

204.9. 

1546.0 

3081.8 

211.1 

219.2 

1699.8 

12 

14 

2988.6 

198.2 

205.4 

1547.8 

8085.0 

211.5 

219.6 

1601.6 

14 

16 

2991.8 

198.6 

2059 

1549.6 

8088.3 

212.0 

220.1 

1603.4 

16 

18 

2995.0 

199.1 

206.3 

1551.4 

3091.5 

212.4 

220.6 

1605.2 

18 

20 

2998.8 

199.5 

206.8 

1653.2 

8094.7 

212.9 

221.1 

1607.0 

20 

22 

3001.5 

199.9 

207.3 

1555.0 

3097.9 

213.3 

221.6 

1608.8 

22 

24 

3004.7 

200.4 

207.7 

1556.8 

3101.1 

213.8 

1610.6 

24 

26 

3007.9 

200.8 

208.2 

1558.6 

3104.3 

214.2 

222!6 

1612.4 

26 

28 

3011  1 

201.3 

208.7 

1560.4 

8107.5 

214.7 

223.0 

1614.2 

28 

80 

3014.3 

201.7 

209.1 

1562.2 

8110.7 

215.1 

228.6 

1616.0 

80 

32 

3017  6 

202.1 

209.6 

1564.0 

8113.9 

215.6 

224.0 

1617.8 

82 

84 

3020  8 

202.6 

210  1 

1665.7 

8117.1 

216.0 

224.5 

1619.6 

84 

86 

3024.0 

203.0 

210.5 

1567.6 

8120.3 

216.5 

226.0 

1621.4 

86 

88 

3027.2 

203.5 

211.0 

1669.3 

8123.5 

216.9 

225.5 

1623.2 

88 

40 

3030.4 

203.9 

211  5 

1571.1 

8126.7 

217.4 

226.0 

1626.0 

40 

42 

3033.6 

204.3 

2120 

1672.9 

3129.9 

217.8 

226.6 

1626.8 

43 

44 

3036.9 

204.8 

212.4 

1574.7 

3133.1 

218.3 

227.0 

1628.6 

44 

46 

8040.1 

205.2 

212.9 

1576.5 

3136.4 

218.7 

227.5 

1630.6 

46 

48 

8043.8 

205.7 

213.4 

1578.3 

8139.6 

219.2 

228.0 

1632.3 

48 

50 

8046.5 

206.1 

213.9 

1680.1 

3142.8 

219.6 

228.4 

1634.1 

50 

52 

3049.7 

206.5 

214.4 

1681.9 

8146.0 

220.1 

228.9 

1685.9 

53 

54 

3052.9 

207  0 

214.8 

1583.7 

8149.2 

220.5 

229.4 

1637.7 

54 

56 

8056.2 

207.4 

215.8 

1585.6 

3152.4 

221.0 

229.9 

1639.6 

56 

58 

3059.4 

207.9 

215.8 

1687.2 

3155.6 

221.5 

230.4 

1641.8 

58 

60 

8062.6 

208.4 

216  3 

1689.0 

3158.8 

222.0 

230.9 

1648.1 

60 

' 

820                       1 

880 

/ 

L.  C. 

M. 

E. 

T. 

L.  C 

M. 

E. 

T. 

0 

3158.8 

222.0 

230.9 

1643.1 

3254.9 

236.0 

246.1 

1697  3 

0 

2 

8162<0 

222  5 

281.4 

16^9 

3258  1 

236.4 

2466 

1699.1 

3 

4 

3165.2 

222.9 

231.9 

1646.7 

3261.3 

236.9 

247.1 

17009 

4 

6 

3168.4 

223.4 

282.4 

1648.5 

3264.5 

237.4 

247.7 

1708.7 

6 

8 

3171.6 

223.8 

232.9 

1650.3 

3267  7 

237  9 

248.2 

1704.6 

8 

10 

3174.8 

224.3 

233.4 

1652.1 

3270.8 

238.4 

248.7 

1706.4 

10 

12 

8178.0 

224  8 

233.9 

1653.9 

3274  0 

238  9 

249.2 

1708.2 

18 

14 

8181.2 

225.2 

234.4 

1655  7 

3277.2 

2393 

249.7 

1710.0 

14 

16 

3184.4 

225.7 

234.9 

1657.5 

3280  4 

239.8 

250.2 

1711.8 

16 

18 

8187.6 

226.1 

235.4 

1669.3 

3283.6 

240.8 

250.8 

1713.6 

18 

20 

3190.8 

226.6 

2359 

1661.1 

3286.8 

240.8 

251.8 

1715.5 

80 

22 

8194.0 

227.1 

236.4 

1662.9 

3290  0 

241.2 

251.8 

1717.3 

22 

24 

8197  2 

227.5 

286  9 

1664.7 

3293.2 

241  7 

252.8 

1719.1 

24 

26 

3200.4 

228.0 

837.4 

1666  5 

3296.4 

242.2 

252.9 

1720.9 

86 

28 

3203.6 

228.4 

2379 

1668.3 

3299.6 

242.7 

2534 

1722.7 

28 

ao 

3206.8 

2289 

838.4 

1670.1 

3302.7 

2432 

253.9 

1724.6 

30 

82 

8210.0 

229.4 

239.0 

1671.9 

33059 

243.6 

254.4 

1726.4 

88 

34 

3213.2 

229  8 

239.5 

1673  7 

3309  1 

244.1 

255.0 

1728.2 

84 

36 

8216  5 

230.8 

240.0 

1675.6 

8312  3 

244.6 

255.5 

1780.0 

86 

88 

8'>19.7 

230.7 

240.5 

1677.4 

3315  5 

245.1 

256.0 

1781.8 

88 

40 

82229 

231  2 

241.0 

1679.2 

8318.7 

245.6 

2565 

1788.6 

40 

42 

8226  1 

281.7 

241  5 

1681.0 

8321.9 

2460 

257.1 

1786.6 

48 

44 

8629.3 

2:«.2 

242.0 

1682  8 

8325.1 

246.5 

257.6 

1787.8 

44 

46 

3232.6 

232.6 

242  5 

1684.6 

3:^.3 

247.0 

258.1 

1789.1 

46 

48 

8235.7 

233.1 

243.0 

16864 

3331.5 

247  5 

258.6 

1740.9 

48 

50 

8238.9 

233.5 

243.5 

16882 

.3334.6 

248.0 

259.2 

1742.7 

60 

52 

8242.1 

234.0 

244  1 

1690.0 

33:^7.8 

248.4 

259.7 

1744.6 

68 

54 

8245  8 

234.5 

244.6 

1691.8 

ZM\  .0 

248.9 

2602 

1746.4 

64 

56 

8248.5 

2350 

245.1 

1693.7 

8344.2 

249.4 

260.8 

1748.2 

56 

58 

8251.7 

235  5 

245.6 

1695  5 

3347.4 

249.9 

261.3 

1750.0 

58 

,    «> 

8254  9 

2360 

246.1 

1697.8 

33506 

250.4 

261  8 

1761.8 

60 
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35 

/ 

84« 

86» 

L.O. 

>_?L- 

B. 

T. 

L.C. 

M. 

E. 

T. 

/ 

0 

8350.6 

250.4 

961.8 

1751.9 

8446.1 

965.9 

978.1 

1806.7 

0 

2 

8353.8 

950.8 

269.3 

1753.7 

3449.8 

965.7 

278.6 

1808.5 

2 

4 

8357.0 

951.9 

969.9 

1755.5 

8452.5 

266.9 

979.9 

1810.8 

4 

6 

8360.1 

251.7 

968.4 

1757.8 

3455.6 

966.7 

979.7 

1812.2 

6 

8 

8363.8 

952.9 

964.0 

1759.1 

3458.8 

967.2 

980.8 

1814.0 

8 

10 

3366.5 

952.7 

964.5 

1761.0 

8162.0 

267.7 

280.8 

1815.8 

10 

U 

8369.7 

253.9 

965.0 

1762.8 

3465.9 

968.9 

981.4 

1817.7 

12 

14 

8372.9 

253.7 

966.6 

1764.6 

3468.8 

268.7 

981.9 

1819.5 

14 

16 

3376.1 

254.9 

966.1 

1766.4 

8171.5 

969.9 

982.5 

1821.3 

16 

18 

3379.2 

964.7 

266.7 

1768.8 

3474.7 

969.7 

983.0 

1823.2 

18 

80 

83S2.4 

965.9 

967.9 

1770.1 

84V7.9 

9T0.9 

988.6 

1895.0 

90 

22 

3385.6 

265.7 

967.7 

1771.0 

8481.0 

270.7 

984.9 

1826.8 

92 

94 

&388.8 

956.2 

968.8 

1778.7 

8484.9 

271.9 

984.7 

1828.7 

24 

26 

8:^92.0 

256.7 

968.8 

1775.6 

8487.4 

271.7 

985.8 

1830.5 

26 

28 

3395.2 

957.9 

960.8 

1777.4 

8490.6 

972.9 

985.9 

1832.3 

28 

90 

3896.8 

957.7 

969.0 

1779.9 

3498.7 

972.7 

286.4 

1834.2 

80 

Si 

8401.5 

958.9 

970.4 

1781.0 

8496.9 

273.9 

987.0 

1836.0 

32 

34 

8404.7 

958.7 

971.0 

1782.9 

3500.1 

978.7 

987.6 

1837.8 

34 

36 

8407.9 

959.9 

971.5 

1784v7 

3503.8 

274.9 

988.1 

1839.7 

36 

88 

3411.1 

259.7 

979.0 

1786.5 

3506.5 

974.7 

988.7 

1841.5 

38 

40 

8414.3 

260.9 

979.6 

1788.4 

3509.6 

275.9 

989.9 

1843.4 

40 

4i 

8417.4 

960.7 

273.1 

1790.2 

3519.8 

975.7 

989.8 

1845.2 

42 

44 

3420.6 

961.9 

273.7 

1792.0 

3516.0 

976.9 

290.4 

1847.1 

44 

46 

34.28.8 

961.7 

974.9 

1793.0 

3519.9 

976.7 

290.9 

1848.9 

46 

48 

8427.0 

962.9 

274.8 

1795.7 

3529.8 

977.9 

291.5 

1850.7 

48 

50 

8430.9 

962.7 

275.8 

1797.5 

3625.5 

977.7 

292.0 

1852.6 

50 

^ 

8433.4 

963.9 

975.9 

1799.3 

3,n28.7 

278.2 

292.6 

1854.4 

52 

54 

8436.5 

963.7 

276.4 

1801.9 

3531.9 

278.7 

298.9 

1856.3 

54 

56 

8439.7 

264.2 

277.0 

1803.0 

3535.0 

279.2 

998.7 

1858.1 

56 

58 

8442.9 

264.7 

277.5 

1804.8 

3538.2 

279.8 

994.3 

1859.9 

58 

60 

3446.1 

265.2 

978.1 

1806.7 

3541.4 

280.4 

294.9 

1861.8 

GO 

/ 

860                        1 

87« 

L.  C. 

M. 

E. 

T. 

L.C. 

M. 

E. 

T. 

f 

0 

8541.4 

280.4 

294.9 

1861.8 

3686.3 

296.1 

312.3 

1917.3 

0 

2 

3644.6 

2809 

295.4 

1863.6 

3639.5 

296.6 

312.8 

1919.1 

2 

4 

3547.7 

281.4 

296.0 

1865.5 

3G42  6 

297  1 

313.4 

1921.0 

4 

6 

3550.9 

281.9 

296.6 

1867.8 

3645.8 

297.7 

314  i) 

1922.8 

6 

8 

8554.0 

282.5 

297.2 

1869.2 

3648.9 

^98.9 

314.6 

1994.7 

8 

10 

3657.2 

283.0 

297.7 

1871.0 

3652.1 

998.7 

815.9 

1926.5 

10 

12 

8660.4 

283.5 

298.3 

1872.9 

3655.9 

299.3 

315.8 

1928.4 

12 

14 

8563.5 

284.0 

298.0 

1874.7 

3658.4 

299.8 

316.4 

1980  9 

14 

16 

8566.7 

284.6 

299.5 

1876.5 

3661.6 

300.3 

317.0 

1932.1 

16 

18 

3669.9 

285.1 

300.0 

1878.4 

8664.7 

300.9 

317.6 

1933.9 

18 

30 

3578.0 

285.6 

800.6 

1880.9 

3667.9 

301.4 

318.1 

1985.8 

20 

2« 

3576.2 

286.1 

801.9 

1882.1 

3671.0 

301.0 

318.7 

1937.6 

22 

24 

8579.4 

286.7 

301.8 

1883.9 

3674.9 

302.5 

319.3 

1939.5 

24 

96 

8589.5 

287.9 

302.3 

1885.8 

8677.3 

308.0 

319.9 

1941.3 

26 

28 

8685.7 

987.7 

302.9 

1887.6 

3680.5 

308.6 

320. 5 

1943.2 

'4S 

80 

8688.8 

988.9 

808.5 

1889.6 

3683.6 

304.1 

321.1 

1945.0 

30 

8< 

8502.0 

288.8 

804.1 

1891.8 

3686.8 

304.6 

321.7 

1946.9 

32 

84 

8595.2 

280.8 

804.6 

1893.2 

3690.0 

805.1 

322.3 

1948.8 

34 

66 

3508.3 

289.8 

805.9 

1895.0 

3693.1 

306.7 

322.9 

1950.6 

36 

88 

3601.5 

990.8 

805.8 

1806.9 

3696.3 

306.2 

398.5 

1952.5 

38 

40 

8604.7 

290.0 

806.4 

1898.7 

3609.4 

306.7 

394.9 

1964.4 

40 

48 

8607.8 

291.4 

807.0 

1900.6 

3702.6 

307.3 

324.8 

1956.9 

42 

44 

8611.0 

291.9 

307.6 

1902.4 

8705.7 

807.8 

825.4 

1958.1 

44 

46 

8614.1 

299.4 

308.1 

1904.8 

3708.9 

308.8 

326.0 

1960.0 

40 

48 

8617.8 

293.0 

308.7 

1906.1 

3712.1 

308.9 

326.6 

1961.8 

48 

60 

8690.6 

296.6 

809.3 

1908.0 

3715.2 

309.4 

327.2 

1963.7 

50 

52 

3623.6 

294.0 

309.9 

1909.8 

3718.4 

300.9 

327.8 

1965.5 

52 

54 

3696.8 

294.5 

310.5 

1911.7 

3721  5 

310.5 

3*38.4 

1967.4 

54 

56 

3680.0 

286.1 

311.1 

1913.6 

3724.7 

311.0 

329.0 

1969.8 

56 

58 

3683.1 

995.6 

311.7 

1915.4 

3727.8 

311.6 

329.6 

1971.1 

68 

60 

3086.3 

296.1 

312.3 

1917.8 

3731.0 

312.9 

330.2 

1978.0 

60 

52 

IX.— 

FUNCTIONS  OF  A  ONE  DEGREE  CURVE. 

88- 

1                         89» 

L.C. 

M. 

£. 

T. 

L.C 

M 

E. 

T. 

0 

8731.0 

812.2 

330.2 

1978.0 

88256 

828-7 

848.7 

2029n 

0 

3 

8734.1 

812.7 

380.8 

1974.9 

8828.6 

329.2 

849  3 

2031.0 

2 

4 

3737.3 

8138 

381.4 

1976.7 

8831.8 

829.8 

849.9 

20329 

4 

6 

3740.4 

318.8 

88>.0 

1978.6 

8834  9 

830.3 

360.6 

2084.7 

6 

8 

8748.6 

814.4 

832.6 

1980.6 

8888.0 

330.9 

861.2 

2086.6 

8 

10 

8746.7 

314.9 

88;}.  2 

1982.8 

8841.2 

331  5 

851.8 

2088.5 

10 

12 

3749.9 

815.6 

383.8 

1984.2 

8844  3 

832.0 

852.4 

2040.4 

18 

14 

37530 

816  0 

384.6 

1986.1 

8847.4 

832.6 

868.1 

2042  8 

14 

16 

3756  2 

816.6 

885.1 

1987.9 

8860.6 

833.2 

858.7 

2044.1 

16 

18 

3759.8 

817.1 

385  7 

1989.8 

8a58  7 

3337 

864.8 

2046.0 

18 

ao 

3762  6 

317  7 

8368 

1991.7 

8856.8 

884.3 

864.9 

2047.9 

20 

22 

3766.6 

318  2 

3369 

1998-6 

38600 

a34.9 

866.6 

2049.8 

88 

24 

3768.8 

818.8 

837.6 

1995.4 

3863.1 

836.4 

856.2 

2061  7 

34 

26 

8771  9 

819.8 

388.1 

1997.8 

3866.2 

8360 

856.9 

20635 

26 

28 

3775.1 

319.9 

388.7 

1999.2 

3869.4 

836.6 

857  6 

8056.4 

28 

SO 

3778.2 

820  4, 

889.4 

2001.0 

3872.5 

837.1 

858  1 

2067.8 

80 

32 

3781 .4 

821.0 

840.0 

2002.9 

3875  6 

337  7 

858.8 

2059.2 

32 

34 

3784  5 

321.5 

340.6 

2004.8 

3878.8 

338.3 

8694 

2061.1 

84 

36 

3787.7 

322.1 

841.2 

2006.6 

3881.9 

338.8 

860.1 

2068.0 

86 

38 

8790.8 

822.6 

341.8 

2008.6 

3886.0 

8394 

360.7 

2064.8 

88 

40 

3794.0 

328  2 

842.4 

2010  4 

8888.2 

840.0 

361.3 

2066.7 

40 

42 

3797  1 

323.7 

348.1 

20128 

8891  8 

340.6 

862.0 

2068.6 

42 

44 

3800.3 

824.8 

843  7 

2014.1 

3894  4 

841  1 

362.6 

2070.6 

44 

46 

3803.4 

324.8 

344.3 

2016  0 

3897.6 

841.7 

863  3 

2072.4 

46 

48 

3806.6 

825.4 

844.9 

2017.9 

8900  7 

342  2 

863.9 

2074  2 

48 

50 

3809.7 

325  9 

845.6 

2019.7 

3903.8 

842  8 

864.6 

2076  1 

60 

52 

3812.9 

3265 

3462 

2021.6 

89070 

3434 

866.2 

2078.0 

58 

54 

3816.0 

3270 

346.8 

2023.5 

8910.1 

348.9 

865.8 

2079.9 

64 

56 

3819.2 

827.6 

847  4 

2025  4 

3913.2 

344.5 

8666 

2081.8 

66 

68 

3822.8 

328.1 

348  1 

2027.2 

3916.4 

345  1 

367  1 

2083.7 

68 

60 

3825.5 

828.7 

848.7 

2029.1 

3919  5 

345.6 

367  7 

2066.6 

60 

40O                         1 

410 

' 

L.  C. 

M. 

E. 

T. 

J..C. 

M. 

E. 

T. 

0 

3919.5 

345.6 

367.7 

2085.6 

4013.4 

862.9 

887.4 

2148.8 

0 

2 

3922.6 

846.1 

868.4 

2087  4 

4016.6 

G63.4 

888.1 

2144.2 

8 

4 

3925.8 

8467 

869  0 

2089.3 

4019.6 

364.0 

888.8 

2146.1 

4 

6 

3928  9 

349.2 

369.7 

2091  2 

4022.7 

364.5 

889.4 

2148.0 

6 

8 

8932  0 

347  8 

370.3 

•20ft8.1 

4025.9 

365.1 

390  I 

2149.9 

8 

10 

3935.1 

848.4 

371  0 

2095  0 

4029.0 

365.6 

390.7 

2161.9 

10 

12 

8988.3 

848.9 

871  6 

2096  9 

4032.1 

366.2 

891.4 

2158.8 

18 

14 

8941.4 

349.5 

372.3 

2098.8 

4035.2 

866.8 

892.1 

2166.7 

14 

16 

3944.5 

350.1 

372.9 

2100.7 

4038.8 

367.4 

392.7 

2167.6 

16 

18 

8947.7 

360.7 

378.6 

2102  6 

4041.4 

368.0 

893.4 

2159.6 

18 

20 

3950.8 

851.3 

874.8 

2104.5 

4044.6 

368.6 

894.1 

2161 .4 

20 

22 

8953.9 

361  8 

874.9 

2106.3 

4047.7 

869.2 

894.7 

2168.8 

88 

24 

3957.1 

852.4 

375.6 

2108.2 

4050.8 

369.8 

395.4 

2166.2 

24 

26 

3960.2 

353.0 

376.2 

2110  1 

4053.9 

870.4 

396.1 

8167.1 

26 

28 

8963.8 

353  6 

376.9 

2112  0 

4057.0 

871.0 

896.8 

8169.0 

28 

30 

8966.4 

354.2 

377  6 

2113  9 

4060.1 

871.6 

397.6 

2170  9 

80 

32 

3969.6 

854.7 

378.2 

2115  8 

4063.8 

372.2 

898.1 

2172.8 

38 

84 

8972.7 

855.3 

878.8 

2117  7 

4066.4 

372.8 

398.8 

2174.7 

84 

36 

8975.8 

855.9 

379.6 

2119  6 

4069.6 

378.4 

899.5 

2176. 6 

86 

38 

8979.0 

856.6 

380  1 

2121.6 

4072.6 

374.0 

400.2 

2178.6 

88 

40 

8982.1 

857.1 

880.8 

2123.4 

4076.7 

374.6 

400.9 

2180.4 

40 

42 

8985.2 

357  6 

381  4 

2125  8 

4078.8 

375.2 

401.5 

2182.4 

42 

44 

3988.4 

358.2 

382.1 

2127.2 

4082.0 

875.8 

402.2 

2184.8 

44 

46 

3991  5 

3588 

8828 

2129.1 

4085.1 

876.4 

402.9 

2186.2 

46 

48 

3994.6 

359.4 

3884 

2181.0 

4088.2 

877.0 

408.6 

2188.1 

48 

50 

3997  7 

360  0 

384.1 

2132.9 

4091.8 

877.6 

404.8 

2190.0 

50 

52 

4000  9 

360  6 

884.8 

2184.7 

4094.4 

378.2 

404.9 

2191.9 

6S 

54 

4004.0 

861  1 

385.4 

2186.6 

40()7.5 

878.8 

405.6 

2198.8 

54 

56 

4007  1 

361.7 

386.1 

2188.6 

4100.7 

879.4 

400.3 

2195.7 

66 

58 

4010  8 

362  8 

886  8 

2140  4 

4103.8 

880.0 

407.0 

2197.6 

68 

XX:. FTJNCTIONS  OF  A  ONEDEGREE  CURVE. 


o 

4 
6 
8 
lO 
13 
14 
16 
18 
SO 
22 
24 
f^ 
28 
SO 
32 
84 


40 
412 
44 

46 
48 
50 
&2 
54 
56 
58 

eo 


O 
2 

4 
6 
8 
lO 
12 
14 
16 
18 
20 
22 
2\ 
26 
28 

32 
84 
86 
38 
40 
42 
44 
46 
48 
60 
52 
54 
56 
58 
60 


420 


4106.9 
4110.0 
4113.1 
4116-5 
411».S 
4lJ2«-4 
412S.5 
4128. e 

4131 .8 

4134 . 9 
4138. O 
4141-1 
4144.2 
4l4r  3 
4150-4 
41S3-5 
4156.6 
4l5d.T 
416:2-8 
4160-9 

41C0-0 
41-73.1 

41T?5.2 
41T8.4 

41HI-5 
4ia4i6 

4i£>r-0 


M.       E. 


T. 


380.6 
S81.2 
381.8 
382.4 
383.0 
883.6 
384.2 
384.8 
S8£  4 
386  0 
386  3 
887.2 
387.8 
388.4 
38d.O 
389.6 
390.2 
390.8 
391.4 
392.0 
392.6 
393.2 
393.8 
394.4 
395.0 
895.6 
396.2 
396.8 

397  4 

398  0 
398.7 


407.7 
408.3 
409.0 
409.7 
410.4 
411.1 
411.8 
412.5 
413.2 
413.9 
414.6 
415.3 
416.0 
416.6 
417.3 
418  0 
418.7 
419.4 
420.1 
420.8 
421.5 
422.2 
422.9 
423.6 
424.3 
425.0 
425.7 
426.4 
427.1 
427.8 
428.6 


2199.5 
2201 .4 
2203.3 
2205.3 
2207.2 
2209.1 
2211.0 
2212.9 
2214.9 
2216.8 
2218.7 
2220.6 
2222.5 
2224.4 
2226.4 
2228.3 
2230.2 
2232.1 
2234.0 
2236.0 
2237.9 
2239.8 
2241.7 
2243.6 
2245.6 
2247.5 
2249  4 
2251.3 
2258.3 
2255  2 
2257.1 


44* 


M. 


T. 


4^03-0 

4-j^»9  -  ^ 

4:i02-^ 
4305 - ^ 
41508.4 

434S-g 
4357  « 
43T0.1 


417.2 
417.8 
418.4 
419.1 
419.7 
420.3 
421.0 
421.6 
4-^2.2 
42'2.9 

423  5 
424.1 

424  8 

425  4 

426  0 
426.7 
427.3 

427  9 

428  6 
429.2 
429.8 
430.5 
431.1 
431.7 
432.4 
438.0 
4^.6 
484.3 
434.9 
485.0 
486-8 


450.0 
450.7 
451.5 
452.2 
452  9 
453.7 
454.4 
455.1 

455  9 

456  6 
457.3 
458.1 
458.8 
459.5 
460.3 
461  0 
461.7 
462.5 
463.2 
463.9 
464.7 
465.4 
466.2 
466.9 
467.7 
468  4 
469.1 
469.9 
470.6 
471.4 
472.1 


2315.1 
2317.0 
2319.0 
2320.9 
2322.8 
2324.8 
2326  7 
2328.7 
2330.6 
2332.6 
2334.5 
2336.4 
2338.4 
2340  3 
2342.8 
2344  2 
2346.1 
2348.1 
2350  0 
2352.0 
2353.9 
2355.9 
2357. H 
2359.8 
2361.7 
2363.7 
2365.6 
2367.6 
2369.5 
23'5'1.5 
2373.4 


480 


L.  C.        M.       E. 


4200.1 
4203.2 
4206.3 
4209.4 
4212.5 
4215.6 
4218.7 
4221.8 
4224.9 
4228.0 
4231.1 
4234.2 
4237.8 
4240  4 
4243.5 
4246.5 
4249.6 
4252.7 
4255.8 
4258.9 
4262.0 
4265.1 
4268.2 
4271.3 
4274.4 
4277.5 
4280.6 
4283.7 
4286.8 
4289.9 
4293.0 


399.9 
400.5 
401.1 
401.7 
402.4 
403.0 
403.6 
404.2 
404.8 
405.4 
406.1 
406.7 
407.3 
407.9 
408.5 
409.1 
409.8 
410.4 
411.0 
411.6 
412  2 
412.8 
413.5 
414.1 
414.7 
415.3 
415.9 
416.5 
417.2 


428.6 
429.3 
430.0 
430.7 
431.4 
432.1 
432.8 
433.5 
434.2 
434.9 
435.6 
436.3 
487.0 
437.8 
438.5 
439  2 
439.9 
440.6 
441.4 
442.1 
442.8 
443.5 
444.2 
445.0 
445.7 
446.4 
447.1 
447.8 
448.6 
449.3 
450.0 


2257.1 
2259.0 
2261.0 
2262.9 
2264.8 
2266.7 
2268.7 
2270.6 
2378.6 
2274.6 
2276.4 
2278.3 
2280.2 
2282.2 
2284.1 
2286.0 
2288.0 
2289.9 
2291.8 
2293.8 
2295.7 
8297.7 
2299.6 
2301.5 
2303.5 
2305.4 
2307.3 
2309.8 
2311.2 
2313.1 
2816.1 


iS* 


L.  C. 


4385.5 
4388.6 
4391.7 
4394.7 
4397  8 
4400.9 
4404.0 
4407.0 
4410.1 
4413.2 
4416.3 
4419.8 
4422.4 
4425.5 
4428.6 
4431.6 
4434.7 
4437.8 
4440.9 
4444.0 
4447.0 
4450.1 
4453  2 
4456.8 
4459.3 
4462.4 
4465  5 
4468.6 
4471.6 
4474.7 
447r.8 


436.2 
436.8 
437.6 
438.1 
438  8 
439.4 
440.0 
440.7 
441.3 
442.0 
442.6 
443.2 
443.9 
444.5 
445.2 
445.8 
446.4 
447.1 
447.7 
448.3 
448.9 
449.5 
450.2 
450.8 
451  5 
452.1 
452.7 
453  4 
454.1 
4S4.8 
465.6 


472.1 
472.9 
473.6 
474.4 
475.1 
475.9 
476  6 
477.4 
478.1 
478.9 
479.6 
480.4 
481.1 
481.9 
482.6 
483.4 
484.2 
484.9 
485.7 
486.5 
487.2 
488.0 
488.7 
489.5 
490.3 
491.0 
491.8 
492.5 
493.3 
494.1 
494.8 


2873.4 
8376.4 
8877.8 
8379.8 
2381.8 
8383.2 
2385.2 
2387.1 
2889.1 
2391 .0 
2393.0 
2394.9 
2396.9 
2398.8 
2400.8 
2402.8 
2404.7 
2406.7 
2408.6 
2410  6 
2412.6 
2414.6 
2416.6 
2418.5 
2420.4 
2422.4 
2424.4 
2426.3 
2428.3 
2430.2 
2482.2 


$54 

IX.~FUNC5TI0NS  OP  A  ONBDBaRBB  CURVE. 

460                        1 

47» 

/ 

/ 

L.C.       M. 

E. 

T. 

L.C. 

M. 

E. 

T. 

0 

4477.8    455.5 

494.8 

2432.2 

4569.7 

475.2 

518.3 

2491.5 

0 

2 

4480.9    456.1 

495.6 

2434.2 

4572.7 

475.9 

519.0 

2498.4 

2 

i 

4488.0    456.8 

496.5 

2436.1 

4575.8 

476.5 

519.8 

2495.4 

4 

6 

4487.0    457.4 

497.2 

2438.1 

4578.8 

477  J8 

520.6 

2497.4 

6 

8 

4490.0    458.1 

497.9 

2440.1 

4581.9 

477.8 

621.4 

2499.4 

8 

10 

4498.1    458.7 

498.7 

2442.1 

4584.9 

478.5 

522.2 

2501.4 

10 

12 

4496.2    459.4 

499.5 

2444.0 

4588.0 

479.2 

528.0 

2508.4 

12 

14 

4409.2    460.0 

500.3 

2446.0 

4591.0 

479.8 

523.8 

2505.4 

14 

16 

4502.8    460.7 

501.0 

2448.0 

4594.1 

480.5 

524.6 

2507.8 

16 

18 

4505.4    461.3 

501.8 

2449.9 

4597.1 

481.1 

525.4 

2509.8 

18     1 

20 

4508.4    462.0 

502.6 

2461.9 

4600.2 

481.7 

526.2 

2511.8 

90     1 

22 

4611.5    462.7 

503.4 

2458.9 

4608.2 

482.8 

527.0 

2513.3 

22 

24 

4514.6    468.3 

504.1 

2455.9 

4606.3 

488.0 

527.8 

2515.3 

24 

26 

4517.6    464.0 

504.9 

2467.8 

4609.3 

488.7 

528.6 

2517.3 

26 

28 

4520.7    464.6 

505.7 

2469.8 

4612.4 

484.8 

529.4 

2519.8 

28 

ao 

4528.7    465.8 

506.5 

2461.8 

4615.4 

485.0 

580.2 

2521.2 

80 

32 

4.526.8    466.0 

507.8 

2463.8 

4618.5 

485.7 

531.0 

2528.2 

82 

34 

4529.9    466.6 

508.0 

2465.7 

4621.5 

486.3 

531.8 

2525.2 

84 

S6 

4532.9    467.3 

608.8 

2467.7 

4624.6 

487.0 

532.6 

2527.2 

86 

88 

4586.0    467.9 

509.6 

2469.7 

4627.6 

487.7 

688.4 

2529.2 

88 

40 

4589.1    468.6 

510.4 

2471.7 

4680.7 

488.4 

584.2 

2581.2 

40 

42 

4542.1    409.3 

511.1 

2473.6 

4688.7 

489.1 

585.0 

2533.2 

42 

44 

4546.2    469.9 

511.9 

2475.6 

4636.8 

489.8 

585.8 

2535.2 

44 

46 

4548.2    470.6 

512.7 

2477.6 

4639.8 

490.6 

536.6 

2587.2 

46 

48 

4551.3    471.2 

518.5 

2479.6 

4642.9 

491.2 

537.4 

2589.2 

48 

50 

4554.4    471.9 

514.3 

2481.6 

4645.9 

491.9 

588.2 

2541.2 

60 

S2 

4557.4    472.6 

515.1 

2483.5 

4649.0 

492.6 

539.0 

2548.1 

52 

54 

4560.5    478.2 

515.9 

2485.5 

4652.0 

493.8 

639.8 

2545.1 

64 

56 

4568.6    478.9 

516.7 

2487.5  . 

4665.1 

494.0 

540.6 

2547.1 

66 

58 

4566.6    474.5 

517.5 

2489.5 

4658.1 

494.7 

641.4 

2549.1 

88 

60 

4569.7    475.2 

618.8 

2491.5 

4661.2 

496.4 

542.3 

2551.1 

60 

480                        i 

49»                        1 

^^ 

/ 

L.  C.       M. 

B. 

T. 

L.C. 

M. 

E. 

T. 

0 

4661.2    495.4 

542.8 

2551.1 

4752.8 

515.9 

567.0 

2611.3 

0 

2 

46G4.2    496.0 

543.1 

2558.1 

4755.3 

516.5 

567.8 

2618.8 

2 

4 

4667.8    496.7 

548.9 

2555.1 

4758.4 

517.2 

568.7 

2615.8 

4 

6 

4670.8    497.4 

644.7 

2557.1 

4761.4 

517.9 

569.5 

2617.8 

6 

8 

4678.8    498.1 

645.5 

2559.1 

4764.4 

518.6 

570.3 

2619.8 

8 

10 

4676.4    498.8 

546.4 

2561.1 

4767.4 

519.3 

571.2 

2621.4 

10 

12 

4679.4    499.4 

547.2 

2563.1 

4770.5 

520.0 

572.0 

2623.4 

12 

14 

4682.5    600.1 

548.0 

2565.1 

4773.5 

520.7 

572.8 

2625.4. 

14 

16 

4685.5    500.8 

548.8 

2567.1 

4776.5 

521.4 

573.7 

2627.4 

16 

18 

4688.5    601.5 

549.6 

2569.1 

4779.6 

522.1 

574.5 

2629.4 

18 

20 

4691.6    502.2 

550.5 

2571.1 

4782.6 

522.8 

575.8 

2631.4 

20 

22 

4694.6    502.8 

551.3 

2578.1 

4785.6 

523.5 

576.2 

2688.5 

82 

24 

4697.6    508.5 

552.1 

2575.1 

4788.7 

524.2 

577.0 

2685.5 

24 

28 

4700.7    504.2 

552.9 

2677.1 

4791.7 

524.9 

677.9 

2687.5 

26 

28 

4703.7    504.9 

553.7 

2579.1 

4794.7 

525.6 

578.7 

2689.5 

28 

80 

4706.7    605.6 

554.6 

2581.1 

4797.7 

526.3 

579.6 

2641.5 

80 

83 

4709.8    606.2 

555.4 

2583.1 

4800.8 

627.0 

580.4 

2643.5 

82 

84 

4712.8    606.9 

556.2 

2585.1 

4803.8 

527.7 

581.8 

2645.6 

84 

86 

4715.9    507.6 

557.0 

2587.2 

4806.8 

528.4 

582.1 

2647.6 

86 

88 

4718.9    508.8 

557.8 

2589.2 

4809.9 

529.1 

588.0 

2649.6 

88 

40 

4721.9    509.0 

558.7 

2591.2 

4812.9 

529.8 

588.8 

2651.6 

40 

42 

4725.0    609.6 

569.5 

2593.2 

4815.9 

580.5 

584.7 

2653.7 

42 

44 

4728.0    510.8 

560.8 

2595.2 

4819.0 

531.2 

585.5 

2655.7 

44 

46 

4781.0    511.0 

661.2 

2597.2 

4822.0 

531.9 

586.4 

2657.7 

46 

48 

4784.1    511.7 

562.0 

2599.2 

4825.0 

532.6 

587.2 

2659.7 

48 

50 

4787.1    512.4 

662.8 

2601.2 

4828.0 

538.8 

688.1 

2661.8 

60 

52 

4740.2    518.1 

568.7 

2008.2 

4881.1 

584.0 

588.9 

2663.8 

^ 

64 

4748.2    518.8 

664.5 

2605.2 

4884.1 

534.7 

589.8 

2665.8 

64 

56 

4746.2    514.5 

565.3 

2607.2 

4887.1 

585.4 

590.6 

2667.8 

A6 

58 

4749.8    515.2 

566.2 

2609.3 

4840.2 

586.1 

591.5 

2669.9 

58 

60 

47S8.8    515.9 

667.0 

2611.3 

4848.2 

586.8 

592.4 

2671.9 

00 
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/ 

i^-                 1 

510                       1 

L.  0.       M. 

E.          T. 

L.C. 

M. 

B. 

T. 

t 

0 

4843.8    686.8 

593.4    3671.9 

4938  6 

558.3 

618.5 

8788.0 

0 

2 

4846.8    587.5 

598.3    3678  9 

4986.6 

558.9 

619.8 

8785.1 

8 

4 

4849.3    688.3 

504.1    3676.0 

49396 

559.7 

620.8 

8737.1 

4 

6 

4853.3    588.0 

504.9    3678.0 

4942.6 

560.4 

631.1 

3789.3 

0 

8 

4655.3    589.6 

695.8    3680.0 

4945.6 

561.1 

633.0 

8741.3 

8 

10 

4858.8    640.8 

506  7    3688.1 

4948.6 

561.8 

623.9 

3748.8 

10 

18 

4861.8    541.0 

597.5    3684.1 

4951.6 

563.5 

638.7 

3745.8 

13 

14 

4864.8    541.7 

598.4    8686.1 

4954.6 

568.8 

634.6 

3747.4 

14 

16 

4867.8    543.4 

599.3    3688.3 

4967.6 

564.0 

625.5 

8749.4 

16 

18 

4870.8    648.1 

600.1    8690.3 

4960.6 

564.7 

636.4 

3751.5 

18 

SO 

4878.8    548.9 

601.0    8693.8 

4968.6 

565.4 

627.3 

3758.5 

SO 

88 

4876.8    544.6 

601.9    3694.8 

4966.6 

566.3 

628.3 

8755.6 

88 

84 

4879.4    545.8 

603.7    3696.8 

4969.6 

566.9 

629.9 

8757.7 

84 

86 

4888.4    646.0 

603.6    3608.4 

4973.6 

667.6 

630.0 

3759.7 

86 

88 

4885.4    546.7 

604.5    3700.4 

4975.6 

668.8 

630.9 

8761.8 

88 

80 

4888.4    547.4 

605.8    3703.4 

4978.6 

569.1 

631.8 

8763.8 

80 

88 

4801.4    548.1 

606.3    3704.5 

4981.6 

569.8 

683.7 

8765.9 

88 

84 

4894.4    54S.8 

607.0    3706.5 

4984.6 

570.5 

638.6 

3767.9 

84 

86 

4897.4    649.5 

607.9    3706.6 

4987.7 

671.3 

634.5 

37T0.0 

86 

88 

4900.4    560.3 

608.8    3710.6 

4990.7 

573.0 

685.8 

8773.0 

88 

40 

4908.5    551.0 

009.7    3713.6 

4993.7 

573.7 

636.3 

8774.1 

40 

48 

4906.5    551.7 

610.5    2714.7 

4996.7 

573.4 

637.1 

8776.3 

43 

44 

4909.5    568.4 

611.4    3716.7 

4999.7 

574.1 

688.0 

8778.8 

44 

46 

4913.5    558.1 

613.8    3718.8 

5003.7 

574.9 

638.9 

8780.8 

46 

48 

4915.5    558.8 

613.3    3730.8 

6006.7 

575.6 

639.8 

8782.8 

48 

50 

4918.5    564.5 

614.1    3783.8 

5008.7 

576.3 

640.7 

8784.4 

60 

58 

4931.5    665.8 

614.9    37-^4.9 

5011.7 

577.0 

641.6 

8786.4 

68 

54 

4934.6  .655.9 

615.8    3726.9 

5014.7 

577.8 

642.5 

3788.5 

54 

56 

4937.6    566.6 

616.7    3729.0 

5017.7 

578.5 

643.4 

8790.6 

66 

58 

4980.6    557.4 

617.6    2731.0 

6030.7 

579.3 

644.3 

2793.6 

58 

60 

4988.6    568.8 

618.5    3733.0 

5033.7 

579.9 

645.8 

3794.7 

60 

/ 

580               -       1 

68*                        1 

L.  0.       M. 

E.           T. 

L.  C. 

M. 

E. 

T. 

t 

0 

5038.7    579.9 

645.3    3794.7 

5113.5 

603.0 

678.7 

3856.9 

0 

8 

5036.7    580.6 

646.1    2796.8 

5116.5 

602.8 

673.7 

8858.9 

3 

4 

5039.7    581.8 

647.0    3798.8 

5119.4 

603.5 

674.6 

8861.0 

4 

6 

6033.7    563.1 

647.9    3800.9 

5128.4 

604.8 

675.5 

8863.1 

0 

8 

6085.7    583.8 

648.9    2806.0 

5125.4 

605.0 

676.4 

8865.2 

8 

10 

6088.7    583.5 

649.8    3806.0 

5128.4 

605.8 

677.4 

8867.3 

10 

18 

5041.7    584.8 

660.7    3807.1 

5131 .8 

606.5 

678.8 

3869.4 

13 

14 

6044.7    585.0 

661.6    2809.3 

5134.8 

607.8 

679.3 

2871.5 

14 

16 

•5047.7    586.7 

652.5    8811.3 

5187.3 

606.0 

680.2 

2873.5 

16 

18 

5060.7    586.5 

653.4    2813.3 

5140.8 

608.8 

681.1 

2875.6 

18 

80 

5068.6    587.3 

654.3    2815.4 

5148.2 

609.5 

682.0 

3877.7 

80 

88 

5056.6    587.9 

655.2    2817.4 

5146.3 

610.3 

683.0 

8879.8 

83 

84 

5059.6    568.7 

656.3    2819.5 

5149.3 

611.0 

683.9 

8881.9 

84 

86 

5003.6    589.4 

657.1    28-^1.6 

5152.1 

611.8 

684.9 

2884.0 

36 

88 

5065.6    590.1 

658.0    2823.6 

5155.1 

613.5 

685.8 

2886.1 

28 

80 

5068.6    590.9 

658.9    3835.7 

5158.1 

613.3 

686.7 

2888.1 

30 

88 

5071.0    591.0 

659.8    2837.8 

5161.1 

614.0 

687.7 

2890.3 

33 

84 

5074.6    692.8 

660.7    2829.8 

5164.0 

614.8 

688.6 

2892.3 

34 

86 

5077.6    6934 

061.6    3831.9 

5167.0 

615.5 

689.6 

3894.4 

36 

38 

5060.0    593.8 

662.5    2884.0 

5170.0 

616.3 

690.5 

8896.5 

88 

40 

5068.6    594.5 

663.6    2836.1 

5178.0 

617.0 

691.5 

8898.6 

40 

48 

5080.6    595.8 

664.4    2838.3 

5175.9 

617.8 

692.4 

8900.7 

42 

44 

5069.0    596.0 

665.3    2840.2 

5178.9 

618.6 

698.4 

2903.8 

44 

46 

5003.6    596.7 

666.2    2842.3 

5181 .9 

619.3 

694.8 

8904.9 

40 

48 

5006.6    507.5 

667.2    2844.4 

5184.9 

620.1 

095.3 

3907.0 

48 

50 

5006.6    508.3 

668.1    2846.5 

5187.8 

620.8 

696.2 

3909.1 

50 

58 

5101.6    598.0 

669.0    2848.5 

5190.8 

621.5 

697.1 

2911.3 

53 

54 

5104.0    599.7 

669.9    2850.6 

5193.8 

622.3 

698.1 

2913.3 

54 

56 

S107.6    600.4 

670.9    2852.7 

5196.7 

623.0 

699.0 

2915.4 

56 

58 

51K).0    601.3 

671.8    2854.8 

5199.7 

623.8 

700.0 

8917.6 

58 

60 

5118.5    603.0 

672.7    2856.9 

6202.7 

624.6 

700.9 

8919.5 

60 
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/ 

L.C. 

M. 

-JL_ 

T. 

L.C. 

M. 

E. 

T. 

/ 

0 

6202.7 

624.6 

700.9 

2919.5 

5291.7 

647.4 

729.0 

2982.8 

0 

3 

6205.7 

625.4 

701.9 

2921.6 

5294.6 

648.1 

730.9 

2984.9 

2 

4 

5;?08.6 

626.1 

702.8 

2928.8 

5297.6 

648.9 

731.9 

2987.1 

4 

6 

6211.6 

6;i6.9 

703.8 

2925.9 

5300.5 

649.6 

732.9 

2989.3 

6 

8 

5214.6 

627.6 

704.8 

2928.0 

5803.5 

650.4 

783.8 

2991.8 

8 

10 

6217.6 

628.4 

705.7 

2980.1 

5;i06.4 

651.3 

734.8 

3993.4 

10 

12 

6220.5 

629.2 

706.7 

2932.8 

5309.4 

652.0 

735.8 

3995.6 

12 

14 

5228.5 

629.9 

707.7 

2934.8 

5312.3 

652.7 

736.8 

3997.7 

14 

16 

5226.4 

630.7 

708.6 

2936.4 

5315.3 

658.5 

787.8 

3999.8 

16 

18 

6229.4 

681.4 

709.6 

2938.6 

5318.2 

654.8 

738. 7 

3001.9 

18 

20 

6232.4 

682.3 

710.5 

2940.6 

5321 .2 

655.1 

789.7 

8004.0 

20 

22 

5235.8 

633.0 

711.5 

2942.7 

5324.1 

655.8 

740.7 

8006.3 

23 

24 

5238.8 

633.7 

712.5 

3944.8 

5327.1 

656.6 

741.7 

3008.8 

34 

26 

6-.>41 .8 

634.6 

713.4 

2946.9 

5330.0 

667.4 

742.7 

3010.4 

26 

28 

5244.2 

635.2 

714.4 

3949.0 

&m.o 

658.2 

743.7 

3012.5 

38 

80 

6247.2 

636.0 

715.8 

2951.1 

5335.9 

658.9 

744.7 

3014.7 

80 

82 

6250.2 

636.8 

716.3 

2953.3 

5338.8 

659.7 

745  7 

3016.8 

33 

84 

5253.1 

687.6 

717.3 

2955.8 

5341.8 

660.5 

746.7 

3038.9 

34 

86 

5256.1 

638.3 

718.2 

2957.5 

5344.7 

661.8 

747.7 

3021.1 

36 

88 

6250.1 

639.0 

719.2 

2959.6 

5347.7 

662.0 

748.7 

3023.3 

88 

40 

5262.0 

639.8 

720.2 

2961.7 

5850.6 

662.8 

749.7 

3025.3 

40 

42 

5265.0 

640.6 

721.1 

2963.8 

5353.6 

663.6 

750.7 

8027.5 

43 

44 

5268.0 

641.3 

722.1 

2965.9 

5356.5 

664.4 

751.7 

3029.6 

44 

46 

5270.9 

642.1 

723.1 

2968.0 

5359.5 

665.1 

752.6 

8031.7 

46 

48 

5,'73  9 

642.8 

724.1 

2970.1 

5862.4 

665.9 

763.6 

3038.8 

48 

60 

5276.9 

643.6 

725.0 

2972.2 

5365.4 

666.7 

754.6 

3086.0 

50 

62 

5279.8 

644.4 

726.0 

2974.4 

5:368.3 

667.6 

755.6 

3038.1 

58 

64 

5282.8 

645.1 

727.0 

2976.6 

5371.3 

668.3 

756.6 

3040.3 

M 

66 

5285.8 

645.9 

728.0 

2978.6 

5:374.2 

669.1 

757.6 

3042.4 

66 

68 

5288.7 

646.6 

729.0 

2980.7 

5377.3 

669.9 

758.6 

3044.5 

58 

60 

5291.7 

647.4 

729  9 

29S2.8 

5:380.1 

670.7 

759.6 

3046.6 

60 

/ 

660                        1 

6 

J« 

/ 

L.  C. 

M. 

E. 

T. 

L.C. 

M. 

E. 

T. 

0 

6380.1 

670.7 

759.6 

3046.6 

5468.2 

694.4 

790.3 

3111.1 

0 

2 

5383.0 

671.4 

760.6 

3048.8 

5471.1 

695.2 

791.3 

3118.8 

3 

4 

5386.0 

672.2 

761.6 

3050.9 

5474.0 

696.0 

792.2 

8116.4 

4 

6 

5888.9 

672.9 

762.7 

3058.1 

5477.0 

606.8 

793.8 

3117.6 

6 

8 

5891.8 

673.7 

763.7 

3055.2 

5479.9 

697.6 

791.8 

3119.7 

8 

10 

5894.8 

674.4 

764.7 

3057.4 

5482.8 

698.4 

795.3 

3121.9 

10 

13 

5397.7 

675.2 

765.7 

3059.5 

5485.7 

699.2 

796.8 

3124.1 

18 

14 

5400.7 

676.0 

766.7 

3061.6 

5488.7 

700.0 

797.4 

3126.3 

14 

16 

5408.6 

C76.8 

767.7 

8063.8 

5491.6 

700.8 

798.4 

8128.4  - 

16 

18 

5406.5 

677.6 

768.7 

8065.9 

5494.5 

701.6 

799.4 

3130.6 

18 

20 

5409.6 

678.4 

769.7 

8066.1 

5497.4 

702.4 

800.6 

3132.7 

30 

22 

5412.4 

679.2 

770.8 

8070.3 

5500.8 

70:3.2 

801.5 

3134.9 

23 

34 

5415.3 

680.0 

771.8 

8072.4 

5503.3 

704.0 

802.6 

3137.0 

24 

26 

5418.8 

680.8 

772.8 

3074.6 

5506.2 

704.8 

803.6 

3139.3 

26 

28 

5421.2 

681.6 

773.8 

3076.6 

5509.1 

705.6 

804.7 

3141.4 

28 

80 

5424.1 

682.4 

774.8 

3078.8 

5512.0 

706.4 

805.7 

3143.5 

30 

82 

6427.1 

683.3 

775.8 

8080.9 

5515.0 

707.2 

806.8 

3145.7 

32 

84 

5480.0 

684.0 

776.8 

8083.1 

5617.9 

708.0 

807.8 

3147.9 

34 

86 

5438.0 

684.8 

777.8 

8085.2 

55,'0.8 

708.8 

808.8 

31'iO.O 

86 

88 

5435.9 

685.6 

778.9 

8087.4 

55.i3.7 

709.6 

809.9 

3152.2 

88 

40 

5438.8 

680.4 

779.9 

8089.6 

5526.7 

710.4 

810.9 

8154.4 

40 

42 

5441.8 

687.2 

780.9 

8091.7 

5529.6 

711.3 

812.0 

3156.6 

43 

44 

6444.7 

688.0 

781.9 

3093.9 

553i.5 

712.0 

813.0 

3158.7 

44 

46 

5447.6 

688.8 

788.0 

3096.0 

56:15.4 

712.8 

814.1 

3160.9 

46 

48 

5450.6 

689.6 

784.0 

3098.2 

55:38.4 

713.6 

815.1 

3163.1 

48 

CO 

6458.5 

690.4 

785.0 

8100.8 

5541.3 

714.4 

816.2 

3165.3 

60 

69 

5456.5 

691.2 

786.0 

8102.5 

5544.2 

715.2 

817.2 

3167.4 

58 

64 

6459.4 

692.0 

787.1 

8104.6 

5547.1 

716.0 

818.8 

3169.6 

54 

1    M 

6462.8 

692.8 

788.1 

8106.8 

NViO.O 

716.8 

819.8 

8171.8 

56 

68 

60 

'^l 

693.6 
694.4 

789.1 
790,2 

8108.9 
8111.1 

5553.0 
5.^55.9 

717.6 
718.4 

820.4 
821.4 

3174.0 
3176.1 

58 
60 
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/ 

/ 

L.  C. 

M. 

E. 

T. 

L.  C. 

M. 

E. 

T. 

0 

6555.9 

718.4 

821.4 

3176.1 

5643.1 

742.8 

853.6 

8241.9 

0 

2 

6558.8 

719  2 

822.5 

3178.8 

5646.0 

743.6 

854.6 

3244.1 

2 

4 

6561.7 

720.0 

823.5 

3180.5 

5648.9 

744.4 

865.7 

3246.3 

4 

6 

5564.6 

720.8 

824.6 

8182.7 

5651.8 

745.3 

866.8 

8248.5 

6 

8 

5567.5 

721.6 

8257 

8184.9 

5654.7 

746.1 

857.9 

8250.7 

8 

10 

5570.4 

722.4 

826.7 

3187.1 

5657.6 

746.9 

859.0 

8252.9 

10 

12 

5573.3 

728.2 

827.8 

3189.2 

5660.5 

747.7 

660.0 

8255.1 

12 

14 

5576.2 

724.0 

828.9 

3191.4 

5663.4 

748.6 

861.1 

8257.8 

14 

16 

5579.2 

724.8 

829.9 

3193.6 

5666.8 

749.4 

862.2 

8259.6 

16 

18 

5582.1 

725.6 

831.0 

31958 

6669.2 

750.2 

863.8 

8261.7 

18 

ao 

5585.0 

726.5 

8821 

8198.0 

6672.1 

751.1 

864.4 

8263.9 

20 

22 

5587.9 

727.3 

888.1 

8200.2 

6675.0 

751.9 

865.6 

8266.1 

22 

24 

5590.8 

728.1 

834.2 

8202.4 

6677.9 

752.7 

866.6 

82688 

24 

26 

5593.7 

728.9 

835.8 

8i04.5 

6680.8 

753.5 

867.7 

8270.6 

26 

28 

5596.6 

729.7 

836.3 

3206.7 

56837 

754.4 

868.8 

82727 

28 

80 

5599.5 

730  5 

837.4 

3208.9 

6686. ft 

755.2 

869.9 

8274.9 

80 

82 

5602.4 

731  8 

838.4 

3211.1 

6689.4 

756.0 

871.0 

8277.1 

82 

84 

5605.3 

732.1 

839.5 

3213.8 

5692.3 

756.9 

872.1 

8279.4 

84 

86 

5608.2 

732.9 

840.6 

3215.5 

5695.2 

757.7 

873.2 

8281  6 

86   ' 

88 

5611.1 

73:^.7 

841.6 

3217.7 

5698.1 

758.6 

874.8 

8288.8 

88 

40 

5614.0 

784.6 

842  7 

8219.9 

6701.0 

759.4 

875.4 

8286.0 

40 

42 

5616.9 

7a5.4 

843.8 

8222.1 

5708.9 

760.2 

876.6 

8288.2 

42 

44 

5619.8 

736.2 

844.9 

8224.3 

6706.8 

761.0 

877.6 

8290.6 

44 

46 

5628.8 

737.0 

846.0 

3226.5 

6709  7 

761.9 

878.7 

8292.7 

46 

48 

5625.7 

7878 

847.0 

3228.7 

5712  6 

762.7 

879.8 

8294.9 

48 

fiO 

5628.6 

738.6 

848.1 

3230.9 

5715.5 

763.5 

880.9 

8297.1 

60 

52 

5631.5 

739.4 

849.2 

8233.1 

6718.4 

764.4 

882.0 

8299.8 

62 

54 

5634.4 

740.2 

8.'50.3 

82:35.3 

5721 .3 

765.2 

883.1 

8301  6 

64 

56 

6637.3 

741  0 

851.4 

3237.5 

5724.2 

766.0 

884.2 

8303.8 

66 

68 

5640.2 

741.9 

852.5 

32:^9.7 

5727.1 

766.8 

885.3 

3806.0 

68 

60 

5643.1 

74?.8 

853.5 

8241  9 

57:^.0 

767.7 

886.4 

3308.2 

60 

r 
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6P 

/ 

/ 

L.  C. 

M, 

E. 

T. 

L.  C. 

M. 

E. 

T. 

0 

5730.0 

767.7 

886.4 

8308.2 

5816.4 

792.9 

920.2 

3875.2 

0 

2 

5732.9 

768.5 

887.5 

8310.4 

5«19.3 

798.7 

921.4 

8877.4 

2 

4 

5785.8 

769.4 

888.7 

8312.7 

5822.1 

794.6 

922.5 

8379.7 

4 

6 

5738.6 

770.2 

889.8 

8314.9 

5825.0 

795.4 

923.6 

8381.9 

6 

8 

5741.5 

771.1 

890.9 

8317.1 

5827.9 

796.3 

924.8 

8884.2 

8 

10 

5744.4 

771.9 

892.0 

3819.8 

5830.7 

797.1 

925.9 

8386.4 

10 

12 

5747.3 

772.7 

893.1 

3321.6 

6833.6 

798.0 

927.1 

3388.7 

12 

14 

5750.2 

773.6 

894.3 

3323.8 

6836.5 

798.8 

928.2 

3390.9 

14 

16 

5753.0 

774.4 

895.4 

3326.0 

5839.3 

799.7 

929.8 

3893.2 

16 

18 

5755.9 

775.8 

896.5 

3328.3 

5842.2 

800.5 

930.5 

8395.4 

18 

20 

5758.8 

776.1 

897.6 

3330.5 

5845.1 

801.4 

931.6 

3897.7 

20 

28 

5761.7 

776.9 

898.8 

3332.7 

6847.9 

802.2 

932.8 

8399.9 

22 

24 

5764.6 

777.8 

899.9 

3334.9 

6850.8 

803.1 

933.9 

3402.2 

24 

26 

5767.4 

778.6 

901.0 

8337.2 

5853.7 

803.9 

935.1 

8404.4 

26 

28 

6770.3 

779.6 

902.1 

3839.4 

5856.5 

804.8 

936.3 

8406.7 

28 

80 

5773.2 

780.8 

903.2 

8341.6 

6869.4 

805.6 

937.4 

3408.9 

30 

S2 

6776.1 

781.1 

904.4 

3343.9 

5862.3 

8(16.5 

93H.6 

3411.2 

82 

84 

5779.0 

782.0 

905.5 

3:^6.1 

5865.1 

807.3 

939.7 

3413.5 

34 

36 

5781.8 

782.8 

906.6 

3348.3 

5868.0 

808.2 

940.9 

8415.7 

36 

38 

6784.7 

783.7 

907.7 

3350.6 

5870.9 

809.0 

942.1 

3418.0 

38 

40 

6787.6 

784.5 

908.8 

3852.8 

5873.7 

809.9 

943.2 

8420.8 

40 

4Sl 

5790.5 

785.3 

910.0 

3355.0 

6876.6 

810.7 

944.4 

3422.5 

42 

44 

5793.4 

786.2 

911.1 

3357.3 

5879.5 

811.6 

945.5 

3424.8 

44 

46 

6796.2 

787.0 

912.3 

8359.5 

5882.3 

812.4 

946.7 

3427.1 

46 

48 

5799.1 

787.9 

913.4 

3361.8 

5885.2 

813.3 

947.8 

3429.8 

48 

50 

6802.0 

788.7 

914.5 

8364.0 

5888.1 

814.1 

949.0 

3431.6 

50 

S8 

6804.9 

789.5 

915.7 

3366.2 

5890.9 

815.0 

950.2 

3433.9 

52 

54 

6807.8 

790.4 

916.8 

8368.5 

5893.8 

815.8 

951.8 

8436.1 

54 

56 

6810.6 

791.2 

918.0 

3370.7 

5896.7 

816.7 

952.5 

8438.4 

66 

58 

6818.5 

792.1 

919.1 

3373.0 

5899.5 

817.5 

953.6 

3440.7 

68 

60 

6816.4 

792.9 

920.2 

3375.2 

5902.4 

818.4 

954.8 

8442.9 

60 

58 

IX.— FUNCTIONS  OP  A  ONE-DEGREE  CURVE. 
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68* 

/ 

/ 

L.  C. 

_Mi_ 

B.         T. 

L.  C.        M. 

E. 

T. 

0 

5902.4 

818.4 

954.8    3442.9- 

5987.8    844.4 

990.3 

8511.8 

0 

2 

5905.2 

819.8 

956.0    3445.2 

5990.6    845.3 

991.5 

8513.6 

a 

4 

5906.1 

820.1 

957.2    8447.5 

5998.5    846.2 

992.7 

8515.9 

4 

6 

5910.9 

821.0 

968  8    8449.7 

5996.8    847.1 

993.9 

8518.2 

€S 

8 

5918.8 

821.8 

959.6    8452.0 

5999.1    847.9 

995.1 

8520.5 

% 

10 

5916.6 

822.7 

960.7    8454.B 

6002.0    848.8 

996.3 

8522.8 

10 

12 

5919.5 

823.6 

961.9    8456.6 

6004.8    840.7 

997.5 

3525.1 

1« 

14 

5922.3 

824.4 

968.0    3458.8 

6007.7    850.6 

998.7 

3527.4 

14 

16 

5925.2 

825.3 

904.2    3461.1 

6010.5    861.4 

999.9 

8529.7 

16 

18 

5928.0 

826.1 

965.4    8468.4 

6013.8    852.8 

1001.1 

3632.0 

1H 

20 

5980.9 

827.0 

966.6    8465.7 

6016.2    653.2 

1008.3 

3534.8 

%0 

22 

5933.7 

827.9 

967.8    8167.9 

6019.0    654.1 

1003.5 

3536.6 

'iU 

24 

5936.6 

828.7 

968.9    8470.2 

6021.6    854.9 

1004.7 

3538.9 

^HA 

26 

5939.4 

829.6 

970.1    8472.5 

6024.7    855.8 

1005.9 

8541.2 

2S 

28 

5942.8 

830.4 

971.3    8474.7 

6027.5    856.7 

1007.1 

3643.5 

28 

ao 

5945.1 

831.8 

972.5  3477.0 

978.6  B4T9.8 

6030.3    867.6 

1006.4 

8545.6 

30 

32 

5947.9 

832.2 

6033.2    868.4 

1009.6 

3546.1 

\X 

84 

5950.8 

8;».o 

974.8    3481.6 

6036.0    869.8 

1010.8 

3650.4 

34 

36 

5953.6 

833.9 

976.0    3483.9 

6038.9    860.2 

1012.0 

3552.7 

36 

38 

5956.5 

834.7 

977.2    8486.2 

6041.7    861.1 

1013.2 

8555.0 

38 

40 

5959.3 

835.6 

978.4    3488.6 

6044.5    861.0 

1014.5 

8557.3 

40 

42 

5962.2 

836.5 

979.6    8490.7 

6047.4    862.8 

1015.7 

3559.0 

42 

44 

5965.0 

837.4 

980.8    3493.0 

6060.2    863.7 

1016.9 

8562.0 

44 

46 

5967.9 

838.3 

982.0    3496.3 

6053.0    864.6 

1018.1 

3564.3 

46 

48 

5970.7 

839.1 

983.2    3497.6 

6056.9    865.4 

1010.3 

8566.6 

4a 

50 

5973.6 

840.0 

984.4    8499.9 

6058.7    866.8 

1020.6 

8666.9 

50 

52 

5976.4 

840.9 

985.5    3602.2 

6061.6    867.2 

1021.8 

3571.2 

52 

54 

5979.3 

841.7 

986.7    8504.5 

6064.4    868.1 

1028.0 

8578.6 

54 

56 

5982.1 

842.6 

987.9    3506.8 

6067.2    868.9 

1024.2 

3575.8 

66 

58 

5986.0 

843.5 

989.1    8509.0 

6070.1    869.8 

1025.4 

8678.1 

5a 

60 

5987.8 

844.4 

990.3    3511.3 

6072.9    870.7 

1026.7 

8580.4 

60 

640.                       1 

66° 

/ 

1 

L.C. 

M. 

E.         T. 

L.  C.       M. 

E. 

T. 

0 

6072.0 

870.7 

1026.7    8580.4 

6157.6    897.3 

1064.0 

86W.4 

0 

2 

6075.7 

871.5 

1027.9    3582.8 

6160.3    898.2 

1065.2 

36li'^.« 

2 

4 

6078.5 

872.4 

1029.2    a586.1 

6163.1    899.1 

1066.6 

365S.1 

4 

6 

6081.4 

878.3 

1030.4    3587.4 

6166.9    900.0 

1067.7 

8657.5 

6 

8    ' 

6084.2 

874.2 

1031.7    3589.7 

6168.7    900.9 

1069.0 

3659.8 

B 

10 

6087.0 

875.1 

1032.9    8592.1 

6171.5    901.8 

1070.2 

360-2.  J 

10 

12 

6089.8 

875.9 

1034.1    3594.4 

6174.3    902.7 

1071.5 

86t>4.^^ 

12 

14 

609^.6 

876.8 

1035.4    3596.7 

6177.1    903.6 

1072.7 

86<}6.a 

H     ' 

16 

6095.5 

877.7 

10.%.6    3599.1 

6179.9    904.5 

1074.0 

8669  ;i 

Ifl 

18 

6098.3 

878.6 

1037.9    3601.4 

6182.7    905.4 

1075.2 

8671. (i 

18 

20 

6101.1 

879.5 

1039.1    3603.7 

6185.5    906.3 

1076.6 

8678.9 

^0 

22 

6103.0 

880.3 

1040.3    3606.0 

6188.3    907.2 

1077.8 

8676.2 

sK 

24 

6106.7 

881.2 

1041. G    3608.4 

6191.1    908.1 

1079.1 

3678.6 

*H 

26 

6109.6 

882.1 

1042.8    3610.7 

6193.9    909.0 

1080.4 

3680.9 

m 

28 

6112.4 

883.0 

1044.1    3613.0 

6196.7    909.9 

1081.7 

8683.3 

28 

80 

6116.2 

883.9 

1045.3    3615.3 

6199.5    910.8 

1083.0 

3685.6 

30 

32 

6118.0 

884.7 

1046.5    3617.7 

6202.3    011.7 

1084.2 

8688.0 

3^ 

3i 

6120.8 

885.6 

1047.8    3620.0 

6205.1    912.6 

1086.5 

3690.4 

M 

36 

6123.7 

886.5 

1049.0    3622.3 

6208.0    913.5 

1086.8 

8692.7 

3« 

38 

6126.5 

887.4 

1050.3    8624.7 

6210.8    014.4 

1088.1 

3695.1 

He 

40 

6129.3 

888.8 

1051.5    3627.0 

6213.6    915.3 

1069.4 

8697.4 

40 

42 

6132.1 

889.2 

1052.7    8629.4 

6216.4    916.2 

1090.6 

8690.8 

\% 

44 

6134.9 

890.1 

1054.0    3631.7 

6219.2    917.1 

1091.9 

3702.2 

44 

46 

6137.8 

891.0 

1065.2    3634.0 

6222.0    918.0 

1093.2 

8704.5 

46 

48 

6140.6 

891.9 

1056.5    3636.4 

6224.8    918.9 

1094.5 

8706.9 

48 

60 

6143.4 

892.8 

1057.7    8688.7 

6227.6    919.8 

1095.8 

8709.8 

50 

52 

6146.2 

693.7 

1059.0    8641.1 

6280.4    920.7 

1097.0 

8711.6 

m 

54 

6149.0 

894.6 

1060.2    3643.4 

6233.2    921.6 

1098.3 

3714.0 

54 

56 

6151.9 

895.5 

1061.6    3645.7 

6236.0    922.5 

1099.6 

8716.8 

fia 

59 

6154.7 

896.4 

1062.7    3648.1 

6238.8    928.4 

1100.9 

8718.7 

SH 

00 

6157.5 

897.3 

1064.0    3660.4 

6241.6    924.3 

1102.2 

8721.1 

eo  . 

IX.— FUNCTIONS 

OF  A 

ONE-DEGREE  CURVE. 
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1 

W                      1 

61 

e   . 

L,  C.      M. 

£. 

T. 

L.C. 

M. 

E. 

T. 

/ 

6341.6    924.8 

1102.2 

3781.1 

6325.8 

951.8 

1141.5 

8792.6 

0 

0244.4    985.2 

1103.5 

8738.4 

6338.0 

952.7 

1142.8 

8796.0 

2 

6947.2    926.1 

1101.8 

87i5.8 

6330.7 

958.6 

1144.1 

3797.4 

4 

6260.0    927.0 

1106.1 

3738.2 

6833.5 

954.5 

1145.4 

8799.8 

6 

6252.7    927.9 

1107.4 

3730.6 

6836.3 

955.5 

1146.7 

8808.8 

8 

10 

6256.6    928.8 

1108.7 

8732.9 

.6339.0 

956.4 

1148.1 

8804.6 

10 

13 

6258.8    929.8 

1110.0 

3735.3 

6341.8 

957.8 

1149.4 

8807.0 

•    12 

14 

6261.1    930.7 

1111.3 

3737.7 

6344.6 

958.2 

1160.7 

3809.4 

14 

16 

6263.9    931  6 

1112.6 

8740.1 

6347.4 

959.2 

1152.0 

3811.8 

16 

18 

6266.7    932.6 

1113.9 

8742.4 

6350.1 

960.1 

1158.8 

8814.2 

18 

80 

6369.5    983.4 

1116.2 

8744.8 

6852.9 

961.0 

1164.7 

8816.6 

20 

n 

6272.3    934.3 

1116.6 

8747.2 

6866.7 

961.9 

1156.0 

8819.0 

22 

94 

6375  0    985.3 

1117.8 

8T49.6 

6858.4 

962.9 

1167.4 

8821.4 

24 

SO 

6277.8    986.2 

1119.1 

8751.9 

6361.2 

968.8 

1168.7 

8828.8 

26 

88 

6280.6    937.1 

1120.4 

8754.8 

6364.0 

964.7 

1160.1 

3826.2 

28 

80 

6288.4    938.0 

1131.7 

3766.7 

6366.7 

965.6 

1161.4 

8828.6 

80 

88 

6386.2    938.9 

1138.0 

8759.1 

6369.5 

966.6 

1162.8 

8881.0 

32 

84 

6389.0    989.8 

1124.8 

3761.5 

6372.3 

967.5 

1164.1 

3883.4 

34 

38 

6291.8    940.8 

1126.6 

3763.9 

6376.1 

968.4 

1165.6 

8835.9 

36 

88 

6294.6    941.7 

1126.9 

3766.3 

6877.8 

969.8 

1166.8 

8638.8 

38 

40 

6297.8    942  6 

1128.8 

8768.7 

6880.6 

970.8 

1168.2 

8840.7 

40 

48 

6800.1    948.5 

1129.6 

8771.0 

6383.4 

971.2 

1169.5 

3848.1 

42 

44 

6802.9    944.4 

1130.9 

8773.4 

6386.1 

972.1 

1170.9 

8845.5 

44 

46 

6305.7    946.8 

1132.3 

8775.8 

6888.9 

973.0 

1178.9 

8847.9 

46 

48 

6308.6    946.8 

1183.5 

3778.2 

6801.7 

974.0 

1178.6 

8850.4 

48 

50 

6811.3    947.2 

1134.9 

8780.6 

6394.4 

974.9 

1174.9 

8852.8 

50 

5S 

6814.1     948.1 

1136.2 

8788.0 

6397.2 

975.8 

1176.8 

8865.2 

53 

54 

6816.8    949.0 

1137.5 

3785.4 

6400.0 

976.8 

1177.6 

8867.6 

54 

66 

6819.6    949.9 

1138.8 

8787.8 

6402.8 

977.7 

1179.0 

8860.0 

56 

58 

6822.4    960.8 

1140.1 

3790.8 

6405.5 

978.6 

1180.3 

8862  6 

58 

60 

6326.2    961.8 

1141.5 

3792.6 

6406.3 

979.6 

1181.6 

8864.9 

60 

\\ 

68 

® 

69» 

L.  C.        M. 

E. 

T. 

L.C. 

M. 

B. 

T. 

t 

0 

6408.3    979.6 

1181.6 

8864.9 

6491.1 

1007.7 

1222.9 

8938.1 

0 

2 

6411.1    980.5 

1183.0 

3867.8 

6493.8 

1006.7 

1224.8 

8940.6 

2 

4 

6418.8    961.4 

1184.4 

3869.7 

6496.6 

1009.6 

1225.7 

8948.0 

4 

6 

6416.6    982.4 

1185.7 

8872.2 

6499.3 

1010.6 

1227.1 

8945.5 

6 

8 

6419.8    983.3 

1187.1 

3874.6 

6502.1 

1011.5 

1228.6 

8947.9 

8 

10 

6432.1    984.2 

1188.6 

8877.0 

6604.8 

1012.5 

1329.9 

8950.4 

10 

12 

6421.9    985.2 

1189.8 

3879.5 

6607.5 

1013.4 

2281.8 

8952.9 

12 

14 

6427.6    986.1 

1191.2 

8881.9 

6610.8 

1014.4 

2282.7 

8955.8 

14 

16 

6480.4    987.0 

1192.6 

8884.8 

6513.0 

1015.3 

1234.1 

8957.8 

16 

18 

6488.1    988.0 

1193.9 

3886.8 

6515.8 

1016.3 

1235.5 

8960.2 

18 

20 

6485.9    968.9 

1196.3 

3889.2 

6518.5 

1017.2 

1236.9 

8963.7 

80 

83 

6488.7    989.8 

1196.7 

8891.6 
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IX— FUNCTIONS  OP  A  ONE-DEGREE  CURVE. 

78« 

7»o 

/ 

0 

L.C. 

M. 

E. 

T. 

L.  C. 

M. 

E. 

T. 

7212.0 

1276.9 

1643.1 

4640.0 

7289.5 

1308.5 

1696.0 

4728.4 

7214.6 

1278.0 

1644.8 

4642.8 

7292.1 

1309.5 

1697.7 

4726.2 

2 

7217.2 

1279.0 

1646.6 

4645.6 

7294.6 

1810.6 

1*699.5 

4729.0 

4 

7219.7 

1280.1 

1648.3 

4648.8 

7297.2 

1311.7 

1701.3 

4781.8 

0 

7222.3 

1281.1 

1650.1 

4651.1 

7299.7 

1812.7 

1703.1 

4734.7 

8 

7224.9 

1282.2 

1661.8 

4653.9 

7302.8 

1813.8 

1704.9 

4787.5 

10 

7227.5 

1283.2 

1658.6 

4656.7 

7304.9 

1314.9 

1706.6 

4740.3 

18 

7230.1 

1284.3 

1655.8 

4659.4 

7307.4 

1315.9 

1708.4 

4743.1 

14 

7232.7 

1285.8 

1657.1 

4662.2 

7310.0 

1317.0 

1710.2 

4745.9 

16 

7285.2 

1286.4 

1658.8 

4665.0 

7812.6 

1318.1 

1712.0 

4748.7 

18 

7287.8 

1287.4 

1660.6 

4667.7 

7815.1 

1319.1 

1718.8 

4751.5 

20 

7240.4 

1288.5 

1662.3 

4670.5 

7817.7 

1820.2 

1715.6 

4751.3 

82 

7248.0 

1289.5 

1664.1 

4673.3 

7320.8 

1821.8 

1717.4 

4767.1 

84 

7245.6 

1290.6 

1665.8 

4676.0 

73'22.8 

1822.3 

1719.2 

4:60.0 

86 

7248.2 

1291.6 

1667.6 

4678.8 

7325.4 

1823.4 

1721.0 

4762.8 

88 

7250.7 

1292.7 

1669.3 

4681.6 

7327.9 

1324.5 

1722.8 

4766.6 

80 

7258.3 

1293.7 

1671.1 

4684.4 

7380.5 

1825.5 

1724.6 

4768.4 

32 

7255.9 

1294.8 

1672.« 

4687.2 

7333.1 

1826.6 

1728.4 

4771.2 

84 

7258.5 

1295.8 

1674.6 

4689.9 

7335.6 

1827.7 

1728.2 

4774.1 

86 

7261.1 

1296.9 

1676.3 

4692.7 

7388.2 

1328.7 

1730.0 

4776.9 

88 

7268.7 

1297.9 

1678.2 

4695.5 

7340.8 

1829.8 

1731.9 

4779.7 

40 

7266.2 

1299.0 

1679.9 

4698.3 

7348.8 

1830.8 

1783.7 

4782.6 

42 

7268.8 

1300.0 

1681.7 

4701.1 

7346.9 

1831.9 

1785.5 

4785.4 

44 

7271.4 

1301.1 

16a3.5 

47a3.9 

7349.4 

1333.0 

1787.3 

4788.2 

46 

7274.0 

1302.1 

1685.3 

4706.7 

7851.0 

1384.1 

1739.1 

4791.0 

48 

7276.6 

1808.2 

1687.1 

4709.5 

7358.6 

1335.2 

1740.9 

4793.9 

50 

7279.2 

1804.2 

1688.8 

4712.2 

7356.1 

1836.2 

1742.7 

4796.7 

52 

7281.7 

1805.3 

1690.6 

4715.0 

7858.7 

1337.3 

1744.5 

4799.5 

54 

7284.8 

1306.3 

1692.4 

4717.8 

7361.8. 

1338.4 

1746.3 

4802.4 

66 

7286.9 

1307.4 

1694.2 

4720.6 

7868.8 

1889.5 

1748.1 

4805.2 

68 

7289.5 

1808.5 

1696.0 

4728.4 

7866.4 

1810.6 

1750.0 

4808.0 

60' 

80«                        1 

81° 

/ 

L.C. 

M.  . 

E. 

T. 

L.C. 

M. 

E. 

T. 

7366.4 

1340.6 

1750.0 

4808.0 

7442.7 

1372.8 

1805.5 

4893.9 

0 

7368  9 

1341.7 

1751.8 

4810.9 

7445.2 

1373.9 

1807.8 

4896.8 

2 

7371.5 

1342.7 

1758.7 

4818.7 

7447.7 

1375.0 

1809.2 

4899.7 

4 

7374.0 

1343.8 

1755.5 

4816.6 

7450.3 

1376.1 

1811.1 

4902.6 

0 

7376.6 

1344.9 

1757.4 

4819.4 

7452.8 

1377.1 

1813.0 

4905.4 

8 

7379.1 

1346.0 

1769.2 

4822.3 

7455.3 

1378.2 

1814.9 

4906.8 

10 

7381.7 

1847.0 

1761 ,0 

4825.1 

7457.8 

1379.3 

1816.8 

4911.2 

12 

7384.2 

1348.1 

1762.9 

4828.0 

7460.4 

1380.4 

1818.6 

4914.1 

14 

7386.7 

1349.2 

1764.7 

4830.8 

7462.9 

1381.4 

1820.5 

4917.0 

10 

7389.8 

1350.3 

1766.6 

4888.7 

7465.4 

1382.5 

1822.4 

4919.9 

18 

7391.8 

1351.8 

1768.4 

4836.5 

7467.9 

13a3.6 

1824.8 

4922.8 

80 

7394.4 

1352.4 

1770.2 

4839.4 

7470.4 

1384.7 

1826.1 

4925.7 

88 

7396.9 

1353.5 

1772.1 

4842.2 

7478.0 

1385.7 

1828.0 

4928.6 

84 

7399.5 

1354.6 

1778.9 

4845.1 

7475.5 

1386.8 

1829.9 

4981.5 

86 

7402.0 

1355.6 

1775.8 

4847.9 

7478.0 

1387.9 

1881.8 

4984.4 

28 

7404  6 

1356.7 

1777.6 

4850.8 

7480.5 

1389.0 

1888.7 

4987.2 

80 

7407.1 

1857.8 

1779.4 

4853.7 

7483.1 

1390.1 

1835.6 

4910.2 

88 

7409.6 

1358.9 

1781.3 

4856.5 

7485.6 

1391.2 

1887.5 

4948.1 

84 

7412  2 

1359.9 

1783.1 

4859.4 

7488.1 

1392.8 

1889.4 

4946.0 

86 

7414.7 

1361.0 

1785.0 

4862.3 

7490.6 

1393.4 

1841.8 

4948.9 

88 

7417.8 

1862.1 

1786.8 

4865.1 

7498.8 

1394.5 

1848.8 

4951.8 

40 

7419  8 

1368.2 

1788.6 

4868.0 

7495.7 

1395.6 

1845.1 

4964.7 

48 

7422.3 

1364.2 

1790.5 

4870.9 

7498.2 

1396.7 

1847.0 

4957.6 

44 

7424.9 

1865.8 

1792.4 

4878.8 

7500.7 

1397.8 

1848.9 

4960.6 

46 

7427.4 

1366.4 

1794  8 

4876.6 

7503.3 

1398.9 

1850.8 

4968.6 

48 

7480.0 

1867.5 

1796.2 

4879.5 

7506.8 

1400.0 

1862.7 

4966.4 

60 

7482.5 

1368.5 

1798.0 

4882.4 

7508.3 

1401.1 

18546 

4969.8 

68 

7485.1 

1860.6 

1799.9 

4885  3 

7510.8 

1402.2 

1856.5 

4972.2 

54 

7487.6 

1870  7 

1801.8 

4888.1 

7518.3 

1403.3 

1868.4 

4976.1 

66 

7440.1 

1871 .e 

18&3.7 

4891.0 

7516.9 

1404.4 

1860.3 

4978.0 

68 

744t.7 

1872.8 

1805.5 

4898.9 

7518.4 

1405.5 

18688 

4981.0 

M 

IX.— FUNCTIONS  OF  A  ONB-DEGREE  CURVE. 

,$68 

/ 

8r 

SV 

/ 

L.C. 

M. 

E. 

T 

L.C. 

M. 

E. 

T. 

0 

7518.4 

1405.5 

1862.8 

4981.0 

7593.6 

1438.6 

1920.6 

6069.4 

0 

2 

7520.9 

1406.6 

1864.2 

4983.9 

7596.1 

1439.6 

1922.6 

6072.4 

2 

4 

7528.4 

1407.7 

1866.1 

4966.8 

7598.6 

1440.7 

1924.6 

6075.4 

4 

6 

7525.9 

1408  8 

1868.1 

4989.8 

7601.1 

1441.8 

1926.5 

6078.4 

6 

8 

7528.4 

1409.9 

1870.0 

49927 

7603.6 

1442.9 

1928.5 

6081.4 

8 

10 

7530.9 

1411.0 

1871.9 

4995.7 

7606.0 

1444.0 

1930.5 

6084.4 

10 

12 

7583.4 

1412.1 

1878  9 

4998.6 

7608.5 

1445.1 

1982.4 

5087.8 

19 

14 

7635.9 

1413.2 

1875.8 

6001.5 

7611.0 

1446.2 

1984.4 

6090.8 

14 

16 

7538.5 

1414.8 

1877.7 

6004.5 

7613.5 

1447.8 

1986.4 

6093.8 

16 

18 

7541.0 

1416.4 

1879.7 

60O7.4 

7616.0 

1448.4 

1988.4 

6096.3 

18 

90 

7548.5 

1416.5 

1881.6 

5010.8 

7618.5 

1449.6 

1940.4 

6099.3 

20 

22 

7546.0 

1417.6 

1883.5 

6018.8 

7621.0 

1450.7 

1942.4 

5102.3 

89 

94 

7548.5 

1418.7 

1885.5 

5016.2 

7623.6 

1451.8 

1944.4 

5105.2 

24 

96 

7551.0 

1419.8 

1887.4 

5019.2 

7626.0 

1452.9 

1946.4 

6108.2 

26 

28 

7558.5 

1420.9 

1889.3 

6022.1 

7628.5 

1454.0 

1948.4 

5111.2 

28 

ao 

7556.0 

1422.0 

1891.3 

6025.0 

7630.9 

1456.1 

1950.4 

6114  2 

30 

82 

7558.5 

1428.1 

1803.^ 

5028.0 

7688.4 

1456.2 

1952.4 

61172 

38 

84 

7561.0 

1424.2 

1895.1 

5081.0 

7685.9 

1457.8 

1954.4 

6120.2 

84 

86 

7563.5 

1425.8 

1897.1 

5038.9 

7638.4 

1458.4 

1956.4 

5123.2 

86 

88 

7566.0 

1426.4 

1899.0 

5036.9 

7640.9 

1459.5 

1958.4 

6126.2 

88 

40 

7S68.6 

1427.5 

1901.0 

5039.8 

7643.4 

1460.7 

1960.4 

6129.2 

40 

42 

7571.0 

1428.6 

1902.9 

6042.8 

7645.9 

1461.8 

1962.4 

5182.2 

42 

44 

7578.5 

1429.7 

1901.9 

6045.8 

7C48.4 

1462.9 

1964.4 

5185.2 

44 

46 

7576.1 

1480.8 

1906.9 

5048.7 

7650.9 

1464.0 

1966.4 

5188.2 

46 

48 

7578.6 

1431.9 

1908.8 

5051.7 

7653.4 

1465.1 

1968.4 

5141.2 

48 

50 

7581.1 

1438.0 

1910.8 

6054.6 

7655.8 

1466.2 

1970.4 

5144.8 

60 

52 

7588.6 

1434.1 

1912.8 

6057.6 

7658.3 

1467.3 

1972.4 

6147.8 

52 

54 

7586.1 

1485.2 

1914.7 

6060.6 

7660.8 

1468.4 

1974.4 

6150.3 

54 

56 

7588.6 

1486.3 

1916.7 

5068.6 

7863.3 

1469.5 

1976.4 

6153.3 

66 

58 

7591.1 

1437.4 

1918.7 

6066.6 

7665.8 

1470,6 

1978.4 

6156.3 

68 

60 

7598.6 

1438.6 

1920.6 

5069.4 

7668.3 

1471.8 

1980.5 

6159.8 

60 

/ 

84° 

86«» 

0 

L.C. 

M. 

E. 

T. 

L.  C. 

M. 

E. 

1 

0 

7668.8 

1471.8 

1980.5 

6159.3 

7742.4 

1506.4 

9041.8 

6260.6 

0 

2 

7670.8 

1472.9 

1982.5 

6162.3 

7744.8 

1606.6 

2048.9 

6268.6 

2 

4 

7673.2 

1474.0 

1984.5 

6165.3 

7747.3 

1607.6 

2046.0 

6266.7 

4 

6 

7675.7 

1476.1 

1986.6 

61684 

7749.7 

1608.8 

2048.0 

6259.8 

6 

8 

7678.2 

1476.2 

1988.6 

6171.4 

7752.2 

1609.9 

2050.1 

6262.9 

8 

10 

7680.6 

1477.4 

1990.6 

5174.4 

7754.6 

1611.0 

2062.2 

62660 

10 

12 

7683.1 

1478.5 

1992.7 

6177.5 

7757.1 

1512.2 

2054.2 

6269.0 

12 

14 

7685  6 

1479.6 

1994.7 

5180.5 

7759  6 

1513.3 

2056.3 

5272.1 

14 

16 

7688.1 

1480.7 

1996.7 

6183.5 

7762.0 

1514.4 

2058.4 

6276.2 

16 

18 

7690.5 

1481.8 

1998.8 

5186.6 

7764  4 

1515.6 

2060.5 

6878.8 

18 

90 

7608.0 

1488.0 

2000.8 

5189.6 

7766.9 

1616.7 

2062.6 

6281.4 

80 

22 

7605.5 

1484  1 

2002.8 

6192.6 

7769.3 

1517.8 

2064.7 

6284.4 

82 

24 

7697.9 

1485.2 

2004.9 

5196.6 

7771.8 

1519.0 

2066.8 

5287.6 

24 

96 

7700.4 

1486.8 

2006.9 

5196.7 

7774.2 

1520.1 

2068.9 

6290.6 

26 

28 

7702.9 

14874 

2006.9 

5201.7 

7776.7 

1521.2 

2071.0 

5298.7 

28 

80 

7705.3 

1488  6 

2011.0 

5204.7 

7779.1 

1622.4 

2073.1 

5296.7 

30 

82 

7707.8 

1489.7 

2013.0 

5207.8 

7781.5 

1523.5 

20752 

5299  8 

32 

84 

7710.3 

1490.8 

2015.0 

6210  8 

7784.0 

1524.6 

2077  3 

5302.9 

84 

86 

7718.8 

1491 .9 

2017.0 

6218.9 

7786.4 

1625.8 

2079.4 

5306.1 

86 

88 

7715.2 

1498.0 

2019.1 

5216.9 

7788.9 

1526.9 

2081.5 

5309.2 

88 

40 

7717.7 

1494.2 

2021.2 

5220.0 

7791.3 

1528.0 

2088.7 

5312.3 

40 

42 

7780.2 

1495.3 

2023.2 

5223.1 

7793.8 

1629.2 

2086.8 

6815.4 

48 

44 

7722.6 

1496.4 

2025.3 

5226.1 

7796.2 

1530.3 

2087.9 

6818.5 

44 

46 

7725.1 

1497. 5 

2027.4 

5229.2 

7798  7 

1531.4 

2090.0 

6321.6 

46 

48 

7727.6 

1498.6 

2029.4 

5232.2 

7801.1 

1532.6 

2092.1 

5324.7 

48 

50 

7780.0 

1499  8 

2031.5 

5235.3 

7803.6 

1538.7 

2094.2 

6327.8 

50 

52 

7782  6 

1500.9 

2033.6 

6238.3 

7806.0 

1534  8 

2096.3 

5380  9 

62 

54 

7789.0 

1502.0 

2035.6 

5241  4 

7808.5 

15.S6.0 

2098.4 

6384.0 

64 

56 

7787.5 

1S03.1 

2037  7 

5244  5 

7810.9 

1537.1 

2100.6 

6337.1 

56 

68 

7789  9 

1504.2 

2039.8 

5247.5 

7813  4 

1688.2 

2102.7 

6840.2 

58 

60 

7749.4 

1605  4 

2041.8 

5250.6  •  7815.8 

1689.8 

2104.8 

6848.8 

60 

34 

IX.— FUNCTIONS  OP  A  ONE-DEGREE  CURVE. 

860                        1 

83 

o 

/ 

L.C. 

M. 

E. 

,T. 

L.  C.        M. 

E. 

T. 

0 

7815.8 

1639.3 

2104.8 

6343.3 

7888.5    1573.6 

8169.5 

6437.6 

0 

2 

7818.8 

1540.4 

2106.9 

6346.4 

7890.9    1574.8 

8171.6 

6440.7 

8 

4 

7820.6 

1641.6 

2109.1 

6349.5 

7893.3    1575.9 

2178.8 

5443.9 

4 

6 

7823.1 

1542.7 

8111.2 

5352.7 

7895.7    1577.1 

8176.0 

6447.1 

6 

8 

7826.5 

1543.9 

2113.4 

5355.8 

7898.1    1578.8 

8178.2 

6460.3 

8 

10 

7827.9 

1545.0 

2115.5 

5358.9 

7900.6    1579.4 

8180.4 

6453.4 

10 

12 

7830.3 

1646.1 

2117.6 

5362.0 

7903.0    1580.6 

8188.5 

5456.6 

18 

14 

7832.8 

1547.8 

2119.8 

6365.2 

7905.4    1581.7 

8184.7 

5459.8 

14 

16 

7835.2 

1548.4 

2121.9 

5868.3 

7907.8    1582.9 

8186.9 

6463.0 

16 

18 

7837.6 

1549.6 

2124.1 

5371.4 

7910.2    1584.0 

8189.1 

5466.2 

18 

20 

7840.0 

1550.7 

2126.2 

5374.6 

7918.6    1585.1 

8191.3 

6469.4 

20 

22 

78J2.4 

1551.8 

2128.3 

5377.7 

7915.0    1586.3 

8193.5 

6478.6 

28 

24 

7844.9 

1553.0 

2130.5 

5380.8 

7917.4    1587.4 

8196.7 

6475.7 

24 

26 

7847.8 

1554.1 

2132.6 

5383.9 

7919.8    1588.6 

2197.9 

5478.9 

26 

28 

7849.7 

1555.8 

2134.8 

5387.1 

7988.8    1589.7 

8200.1 

6482.1 

28 

30 

7852.1 

1556.4 

2136.9 

5390.2 

7984.6  .1590.9 

8802.3 

5485.8 

ao 

32 

7854.6 

1657.6 

2139.0 

6393.4 

7987.1    1598.0 

8804.5 

6488.5 

82 

34 

7857.0 

1558.7 

2141.2 

5396.5 

7929.5    1593.8 

8206.8 

6491.7 

84 

86 

7859.4 

1559.8 

2143.3 

5899.7 

7931.9    1594.3 

2809.0 

6494.9 

86 

88 

7861.8 

1561.0 

2145.5 

5408.8 

7934.3    1595.6 

2811.8 

5496.1 

88 

40 

7864.8 

1562.1 

2147.7 

5406.0 

7936.7    1596.6 

8818.4 

6501.3 

40 

42 

7866.7 

1563.2 

2149.8 

6409.1 

7939.1    1597.8 

8815.6 

5804.5 

42 

44 

7869.1 

1.564.4 

2152.0 

5412.3 

7941.5    1598.9 

2217.8 

6607.7 

44 

46 

7871.5 

1565.5 

2154.2 

5415.4 

7913.9    1600.1 

8880.0 

5610.9 

46 

48 

7874.0 

1566.7 

8156.4 

5418.6 

7946.8    1601.8 

8228.3 

6514.1 

48 

50 

7876.4 

1567.8 

8158.6 

5421.8 

7948.7    1608.4 

8284.5 

6517.8 

50 

52 

7878.8 

1568.9 

8160.7 

5424.9 

7951.8    1603.6 

8286.7 

5520.5 

68 

54 

7881.2 

1570.1 

2162.9 

5428.1 

7953.6    1604.7 

2228.9 

5523.7 

54 

56 

7883.6 

1571.2 

2165.1 

5431.2 

7956.0    1605.8 

2281.1 

5526.9 

56 

68 

7886.1 

1572.4 

2167.8 

5434.4 

7958.4    1607.0 

2233.8 

5680.1 

58 

60 

7883.5 

1578.6 

2169.5 

5437.5 

7960.8    1608.3 

8235.6 

5588.3 

60 

88* 

890 

/ 

L.  C. 

M. 

E. 

T. 

L.  C.        M. 

E. 

T. 

/ 

0 

7960.8 

1608.2 

2235.6 

5533.3 

8032.4    1643.0 

2303.6 

5630.8 

0 

2 

7963.2 

1609.4 

8237.8 

6536.6 

8034.8    1644.1 

8305.9 

6631.1 

2 

4 

7965.6 

1610.5 

2240.1 

5589.8 

8037.1    1645.3 

8308.8 

6637.4 

4 

6 

7968.0 

1611.7 

2242.3 

5543.1 

8039.5    1646.6 

8310.6 

5640.7 

6 

8 

7970.3 

1612.8 

2M4.6 

5546.3 

8041.9    1647.7 

8318.8 

5644.0 

8 

10 

7972.7 

1614.0 

8246.8 

5549.5 

8044.2    1648.9 

8316.1 

5647.8 

10 

1? 

7975.1 

1615.2 

2249.1 

5552.8 

8046.6    1650.0 

8317.4 

6650.6 

12 

14 

7977.5 

1616.3 

2251.3 

5556.0 

8049.0    1651.8 

8319.7 

5663.9 

14 

16 

79r9.9 

1617.5 

2258.6 

5559.2 

8051.4    1658.4 

8382.0 

5657.1 

16 

lb 

7982.8 

1618.6 

2255.8 

5562.5 

8053.7    1653.6 

8384.8 

5660.4 

18 

20 

7984.7 

1619.8 

2258.1 

5565.7 

8056.1     1654.8 

8886.7 

5663.7 

80 

22 

7987.1 

1621 .0 

8260.4 

6568.9 

8058.6    1655.9 

2329.0 

5667.0 

22 

24 

7989.4 

1622.1 

2262.7 

5572.2 

8060.8     1657.1 

8331.3 

5670.3 

84 

26 

7991.8 

1623.3 

2264.9 

6576.4 

8063.8    1668.3 

8338.7 

5673.6 

86 

28 

7994.2 

1624.4 

2267.2 

5578.6 

8065.6    1659.5 

2336.0 

6676.9 

88 

30 

7996.6 

1625.6 

2269.5 

5581.9 

8067.9    1660.7 

2338.3 

5680.8 

30 

32 

7099.0 

1626.8 

2271.7 

5585.1 

8070.3    1661.8 

2340.7 

5683.5 

88 

M 

8001.4 

1627.9 

2273.9 

5588.4 

8073.7    1668.0 

8843.0 

5686.8 

84 

36 

8003.8 

1629.1 

2276.2 

5691.7 

8075.1     1664.8 

2345.3 

5690.8 

86 

38 

8006.1 

1630.2 

22r8.5 

6594.9 

8077.4    1665.4 

8347.7 

5693.6 

88 

40 

8008.5 

1631.4 

8280.8 

6598.2 

8079.8    1666.6 

8850.0 

6696.8 

40 

42 

8010.9 

1632.6 

2288.0 

5601.4 

8088.8    1667.7 

8368.8 

5700.1 

42 

44 

8013.3 

1633.7 

2285.3 

5604.7 

8084.5    1668.8 

8354.7 

5708.4 

44 

46 

8016.7 

1634.9 

2-287.6 

5608.0 

8086.9    1670.0 

8357.0 

5706.8 

46 

48 

8018.1 

1636.0 

2289  9 

5611.2 

8C89.3    1671.8 

8859.3 

5710.1 

48 

50 

80i0.5 

16:^7.2 

2292.2 

5614.5 

8091.6    1678.4 

8861.7 

5718.4 

60 

52 

8022.9 

16:^8.4 

2294.4 

5617.8 

8094.0    1673.6 

8364.0 

5716.7 

68 

54 

8026.2 

1639.5 

2296.7 

5621.0 

8096.4    1674.7 

8366.3 

5720.0 

64 

66 

8027.6 

1640.7 

8299.0 

5684.8 

8098.8    1675.9 

8868.7 

5728.4 

66 

58 

8030.0 

1641.8 

8301.8 

5627.5 

8101.1    1677.1 

2871.0 

5726.7 

58 

60 

8038.4 

1648.0 

8808.6 

6680.8 

6108.5    1678.3 

S87S.4 

5780.0 

60 

IX.— FUNCTIONS  OF  A  ONEDEGREE  CURVE. 

365 

/ 

W                    1 

W 

/ 

L.  C. 

M. 

E. 

T. 

L.  C. 

M. 

E. 

T. 

0 

8108.5 

1678.3 

2373.4 

6780.0 

8178.9 

1713.8 

2446.1 

6830.9 

0 

3 

8106.8 

1679.5 

2375.8 

5733.3 

8176.2 

1715.0 

2447.5 

6884.8 

3 

4 

8108.2 

1680.6 

2378.2 

5T86.7 

8178.5 

1716.2 

2450.0 

6887.7 

4 

6 

8110.5 

1681.8 

2380.5 

5740.0 

8180.9 

1717.4 

2452.4 

6841.1 

6 

8 

8112.9 

1683.0 

2382.9 

5743.4 

8183.2 

1718.6 

2454.8 

6844.6 

8 

10 

8115.2 

1684.2 

2386.8 

5746.7 

8ia5.5 

1719.7 

2457.2 

5847.9 

10 

12 

8117.6 

1685.4 

2387.6 

5750.0 

8187.9 

1720.9 

2459.7 

6851.8 

12 

14 

8119.9 

1686.5 

2390.0 

6753.4 

8190.2 

1722.1 

2462.1 

5864.7 

14 

16 

8122.3 

1687.7 

2392.4 

5756.7 

8192.5 

1723.3 

2464.5 

6858.1 

16 

18 

8124.6 

1688.9 

2394.7 

5760.1 

8194.8 

1724.5 

2467.0 

6861.5 

18 

20 

8127.0 

1690.1 

2397.1 

5763.4 

8197.2 

1725.7 

2469.4 

6864.9 

20 

22 

SIW.S 

1691.3 

2399.5 

5766.8 

8199.6 

1726.9 

2471.9 

6868.3 

22 

d4 

8131.7 

1692.5 

2401.9 

6770.1 

8201.8 

1728.1 

2474.8 

5871.8 

24 

26 

8134.0 

1693.6 

2404.3 

5773.5 

8204.2 

1729.8 

2476.7 

5875.2 

26 

28 

8136.4 

1694.8 

2406.6 

6776.9 

8206.5 

1730.5 

2479.2 

5878.6 

28 

80 

8138.7 

1696.0 

2409.0 

5780.2 

8208.8 

1731.7 

2481.6 

5882.0 

30 

32 

8141.1 

1697.2 

2411.4 

5783.6 

8211.1 

1782.9 

2484.1 

5885.4 

32 

34 

8143.4 

1698.4 

2413.8 

5787.0 

8213.5 

1734.1 

2486.5 

5888.9 

84 

36 

8145.8 

1699.6 

2416.2 

5790.3 

8215.8 

1735.3 

2489.0 

5892.3 

36 

38 

8148.1 

1700.7 

2418.6 

6798.7 

8218.1 

1736.4 

2491.5 

6896.7 

38 

40 

8150.4 

1701.9 

2421.0 

5797.1 

8220.4 

1787.6 

2498.9 

6899.2 

40 

42 

8152.8 

1703.1 

2423.4 

6800.4 

8222.8 

1788.8 

2496.4 

6902.6 

43 

44 

8155.1 

1704.3 

2425.8 

6808.8 

8225.1 

1740.0 

2498.9 

5906.0 

44 

46 

8157.5 

1705.5 

2428.2 

5807.2 

8227.4 

1741.2 

2601.8 

6909.4 

46 

48 

8159.8 

1706.7 

2430.6 

5810.6 

8229.7 

1742.4 

2508.8 

5912.9 

48 

50 

8162.2 

1707.9 

2483.0 

5814.0 

8232.0 

1743.6 

2506.8 

5916.3 

60 

5d 

8164.6 

1709.0 

2435.4 

5817.3 

8234.8 

1744.8 

2508.7 

5919.8 

53 

54 

8166.8 

1710.2 

2437.9 

5820.7 

8236.7 

1746.0 

2511.2 

6923.2 

64 

56 

8169.2 

1711.4 

2440.3 

5824.1 

8239.0 

1747.2 

2513.7 

6926.7 

56 

58 

8171.5 

1712.6 

2442.7 

5827.5 

8241.3 

1748.4 

2516.2 

6930.1 

68 

_60_ 

8173.9 

1713.8 

2445.1 

5830.9 

8243.6 

1749.6 

2618.7 

6933.6 

60    1 

/ 

0 

920                        1 

98» 

L.  C 

M. 

E. 

T. 

L.C. 

M. 

E. 

T. 

8243.6 

1749.6 

2518.7 

5933.6 

8312.8 

1785.7 

3594.2 

6088.2 

0 

2 

8245.9 

1750.8 

2521.3 

5937.0 

8315.1 

1786.9 

2596.8 

6041.7 

3 

4 

8248.2 

1762.0 

2523.6 

5940.5 

8317.4 

1788.2 

2599.3 

6045.2 

4 

6 

8250.6 

1753.2 

2526.1 

5944.0 

8319.7 

1789.4 

2601.9 

6048.7 

6 

\ 

8252.9 

1754.4 

2528.6 

5947.4 

8322.0 

1790.6 

2604.4 

6052.2 

8 

10 

8256.2 

1755.6 

2531.1 

5950.9 

8324.3 

1791.8 

2607.0 

6055.8 

10 

12 

8257.5 

1756.8 

2533.6 

5954.4 

83-26.6 

1793.0 

2609.6 

6059.3 

13 

14 

8259.8 

1758.0 

2536.1 

5957.8 

8338.8 

1794.3 

2612.1 

6062.8 

14 

16 

8262.2 

1759.2 

2538.6 

5961.3 

8331.1 

1795.4 

2614.7 

6066.4 

16 

18 

8264.5 

1760.4 

2541.1 

6964.8 

8333.8 

1796.6 

2617.3 

6069.9 

18 

90 

8266.8 

1761.6 

2543.6 

6968.2 

a335.6 

1797.8 

2619.8 

6073.4 

20 

28 

8269.1 

1762.8 

2546.1 

5971.7 

a337.9 

1799.1 

2622.4 

6077.0 

23 

24 

8271.4 

1764.0 

2548.6 

5975.2 

8340.2 

1800.3 

2625.0 

6080.5 

34 

26 

8-.J73.7 

1765.2 

2551.2 

5978.7 

8342.5 

1801.5 

2627.6 

6084.1 

26 

28 

8',>76.0 

1766.4 

2558.7 

6982.2 

8344.8 

1802.7 

2630.2 

6087.6 

28 

80 

8278.8 

1767.6 

2556.2 

5985.6 

8347.1 

1803.9 

2632.7 

6091.2 

80 

32 

8280.6 

1768.8 

2558.7 

5989.1 

8349.4 

1805.1 

2635.3 

6094  7 

S3 

m 

8282.9 

17T0.0 

2561.2 

5992.6 

8351.7 

1806.3 

2637.9 

6098.3 

34 

36 

8285.2 

im.2 

2563.8 

5996.1 

8354.0 

1807.6 

2640.5 

6101.8 

36 

38 

8287.5 

1772.5 

2566.3 

6999.6 

8356.8 

1808.8 

2643.1 

6105.4 

38 

40 

8289.8 

1773.7 

2568.8 

6003.1 

8358.6 

1810.0 

2645.7 

6109.0 

40 

42 

8292.1 

1774.9 

2571.3 

6006.6 

8360.8 

1811.2 

2648.3 

6112.6 

43 

44 

8294.4 

1776.1 

2573.9 

6010.1 

8363.1 

1812.4 

2650.9 

6116.1 

44 

46 

8296.7 

1777.8 

2576.4 

6013.6 

8365.4 

1813.6 

2653.6 

6119.7 

46 

48 

8299.0 

1778.5 

2578.9 

6017.1 

8367.7 

1814.9 

2656.1 

6123.2 

48 

50 

8301.3 

1779.7 

2581.5 

6020.6 

8369.9 

1816.1 

2658.7 

6126.8 

50 

S3 

8303.6 

1780.9 

2584.0 

6024.1 

8372.2 

1817.3 

2661.3 

6130.4 

52 

54 

8805.9 

1783.1 

2586.6 

6027.6 

8374.5 

1818.5 

2663.9 

6183.9 

54 

56 

8308.2 

1788.3 

2589.1 

6031.1 

8376.8 

1819.7 

2666.6 

6137.5 

56 

56 

8310.6 

1784.5 

2591.7 

6034.6 

8379.1 

1820.9 

2669.2 

6141.1 

58 

60 

8812.8 

1785.7 

2594.2 

6038.2 

,88818 

1822.2 

2671.8 

6144.7 

60 

366 
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FUNCTIONS  OF  A  ONE-DEGREE  CURVE. 

/ 

94» 

96» 

L.  C. 

M. 

E. 

T. 

L.  C. 

M. 

E. 

T. 

/ 

0 

8381.3 

1822.2 

2671 .8 

6144.7 

8449.2 

1858.9 

2751.5 

6253.2 

0 

2 

8383.6 

1828.4 

2674.4 

6148.3 

8451.5 

1860.1 

2764.2 

6256.9 

2 

4 

8385.9 

1824.6 

2677.0 

6151.9 

8453.7 

1861.3 

2756.9 

6860.6 

4 

8 

8388.1 

1826.8 

2679.7 

6155.4 

8456.0 

1862.6 

2759.6 

6264.2 

6 

8 

8390.4 

1827.0 

2682.3 

6159.0 

8458.2 

1863.8 

2762.8 

6267.8 

8 

10 

8392.7 

1828.3 

2684.9 

6162.6 

8460.4 

1865.0 

2766  0 

6271.6 

10 

19 

8395.0 

1829.5 

2687.6 

6166.2 

8462.7 

1866.3 

2767.7 

6275.2 

\2 

14 

8397.2 

1830.7 

2690.2 

6169.8 

8464.9 

1867.5 

2770.4 

6878.8 

14 

16 

8:399.5 

1831.3 

2692.8 

6173.4 

8467.2 

1868.7 

2';V3.1 

6282.5 

16 

18 

8401.7 

1883.1 

2696.6 

6177.0 

8469.4 

1869.9 

2775.8 

6286.2 

18 

20 

8404.0 

1834.4 

2698.1 

6180.6 

8471.7 

1871.2 

2778.5 

6289.8 

20 

2i 

8406.3 

1835.6 

2700.8 

6184.2 

8473.9 

1872.4 

2781.2 

6298.6 

22 

24 

8408.5 

1836.8 

2703.4 

6187.8 

8476.2 

1873.6 

2784.0 

6297.2 

24 

26 

8410.8 

1838.0 

2706.1 

6191.5 

8478.4 

1874.9 

2786.7 

6300.9 

26 

28 

8413.1 

18.i9.3 

2708.7 

6195.1 

8480.7 

1876.1 

2789.4 

6804.6 

88 

30 

8415.3 

1840.5 

2711.4 

6198.7 

8482.9 

1877.3 

2792.1 

6308.2 

ao 

32 

8417.6 

1841.7 

2714.0 

0202.3 

8485.1 

1878.6 

2794.9 

6311.9 

Z'Z 

34 

8419.9 

1842.9 

2716.7 

6205.9 

8487.4 

1879.8 

2797.6 

6316.6 

84 

36 

8422.1 

1844.2 

2719.3 

6209.5 

8489.6 

1881.0 

2800.3 

6319.3 

36 

38 

8424.4 

1845.4 

2:522.0 

6213.2 

8491.9 

1882.3 

2803.1 

6328.0 

38 

40 

8426.6 

1846.6 

:?724.7 

6216.8 

8494.1 

1883.6 

S805.8 

6326.7 

40 

42 

8428.9 

1847.8 

Xi727.3 

62-.>0.4 

8496.8 

1884.8 

2808.6 

6330.4 

42 

44 

8431.2 

1849.1 

2730.0 

6224.1 

8498.6 

1886.0 

2811.8 

6334.1 

44 

46 

8433.4 

1860.3 

2732.7 

6227.7 

8500.8 

1887.2 

2814.1 

6387.8 

46 

48 

8435.7 

1861.5 

2735.4 

6231.3 

8508.0 

1888.5 

2816.8 

6341.5 

48 

50 

8487.9 

1852.7 

2738.0 

62:35.0 

8505.3 

1889.7 

2819.6 

6345.2 

60 

SZ 

8440.2 

1854.0 

2740.7 

6238.6 

8507.5 

1890.9 

2822.3 

6849.0 

62 

54 

8442.4 

1855.2 

2743.4 

6242.3 

8509.8 

1892.2 

2825.1 

6362.7 

54 

56 

8444.7 

1866.4 

2746.1 

6245.9 

8512.0 

1893.4 

2827.8 

6356.4 

56 

58 

8447.0 

1857.6 

2748.8 

6249.6 

8514.2 

1894.6 

2830.6 

6360.1 

58 

60 

8449.2 

1858.9 

2751.5 

6253.2 

8516.4 

1895.9 

2833.4 

6363.8 

60 

/ 

960                         1 

e?' 

f 

L.  C. 

M. 

E. 

T. 

L.  C. 

M. 

E. 

T. 

0 

8516.4 

1895.9 

2833.4 

6363.8 

8583.0 

1933.2 

2917.6 

6476.6 

0 

2 

8518.7 

1897.1 

2836.1 

6367.5 

8585.2 

1934.4 

2920.3 

6480.4 

2 

4 

8520.9 

1898.4 

2838.9 

6371.3 

8587.5 

1985.7 

2923.2 

6484.8 

4 

6 

8523.1 

1899.6 

2841.7 

6375.0 

8589  7 

19:36.9 

2926.0 

6488.0 

6 

8 

8525.4 

1900.8 

2844.5 

6378.7 

8591.9 

1938.2 

2928.9 

6491.8 

8 

10 

8527.6 

1902.1 

2847.2 

6382.5 

8594  1 

1939.4 

2931.7 

6496.6 

10. 

12 

8529.8 

1903.3 

2850.0 

6386.2 

8596.3 

1940.7 

2984.6 

6499.4 

12 

14 

8532.0 

1904.6 

2852.8 

6389.9 

8598.5 

1941.9 

2937.5 

6508.2 

14 

16 

8534.» 

1906.8 

2855  6 

6393.7 

8G00.7 

1943.2 

2940.3 

6507.1 

16 

18 

8536.5 

1907.0 

2a')8.4 

6397.4 

8602.9 

1944.4 

2943.2 

6610.9 

18 

80 

8638.7 

1908.3 

2861.2 

6401.2 

8605  1 

1945.7 

2946.1 

6514.7 

20 

22 

8540.9 

1909.5 

2864.0 

6404.9 

8607.3 

1946.9 

2948.9 

6518.5 

22 

24 

8543.2 

1910.8 

2866.7 

6408.7 

8609.5 

1948.2 

2951.8 

6522.3 

84 

26 

8545.4 

1912.0 

2869.6 

6412.4 

8611.7 

1949.4 

2954.7 

6526.2 

36 

28 

8547.e 

1913  3 

2872.3 

6416.2 

8613.9 

1950.7 

2957.6 

6530.0 

88 

80 

8549.8 

1914  5 

2875.1 

6419.9 

8616  1 

1952.0 

29C0.4 

6533.8 

80 

32 

8552.0 

1916.7 

2877.9 

6428.7 

8618.3 

1953.2 

8963.3 

6537.7 

88 

34 

8554.3 

1917.0 

28808 

6427.5 

8620.5 

1954.5 

2966.2 

6541.5 

34 

36 

8656.5 

1918.2 

2883.6 

6431.2 

8622.7 

1955.7 

2969.1 

6645.8 

86 

88 

8568.7 

1919.5 

2886.4 

6435  0 

8624.9 

1957.0 

2972.0 

6549.2 

88 

40 

8560.9 

1920.7 

2889.2 

6438.8 

8627.1 

1958.2 

2974.9 

6653.0 

40 

42 

8563.1 

1922.0 

2892.0 

6442  5 

8629.3 

1959  5 

2977.8 

65569 

48 

44 

85653 

1923.2 

2894  8 

6446.3 

8631.5 

1960.7 

2980.7 

6560.7 

44 

46 

8567  6 

1924  5 

2897.7 

6450.1 

8633  7 

1962.0 

2983.6 

6564.6 

46 

48 

a569  8 

1925.7 

2900.5 

6453.9 

8635.8 

1963.2 

2986.5 

65684 

48 

50 

8572.0 

1927.0 

29a3.3 

6457.6 

8638.0 

196^.5 

2989.4 

6.578.3 

60 

52 

a5r4.2 

1948.2 

2906.1 

6461.4 

8G40.2 

1965.8 

2992.3 

6576.8 

58 

54 

8576.4 

19-^4 

2'M)9.0 

6466.2 

8642.4 

1967.0 

2995  2 

6580.0 

54 

56 

8578.6 

1930.7 

2911.8 

6469.0 

8G44.6 

1968.3 

2998.1 

6588.9 

56 

58 

8580.8 

1931.9 

2914.7 

6472.8 

86468 

1969.5 

3001.1 

6587.7 

56 

60 

8683.0 

1933.2 

2917.5 

6476.6 

8649.0 

1970.8 

8004  0 

6591.6 

60    / 

IX 

.—FUNCTIONS  OF   A. 

ONE-DEGREE  CURVE. 

367 

•s- 

9»* 

.» 

/      — 

X..  c. 

M. 

8. 

T. 

L.C. 

M. 

E. 

T. 

3649. 0 

1970.8 

3004.0 

6591.6 

8714.8 

2008.7 

3092.9 

6709.0 

0 

2 

B651.2 

1972.0 

3006.9 

6595.5 

8716.4 

2009.9 

8095.9 

6712.9 

8 

4 

B653.8 

1978.8 

8009.8 

6599.4 

8718.6 

2011.2 

8098.9 

6716.9 

4 

« 

B656.5 

1974.6 

3012.8 

6603.2 

8720.7 

2012.5 

3101.9 

6720.8 

6 

8 

8657.7 

1975.8 

3015.7 

6607.1 

87-22.9 

2018.7 

3104.9 

6724.8 

8 

10 

8659.9 

1977.1 

3018.6 

6611.0 

8725.1 

2015.0 

3107.9 

6728.8 

10 

12 

8662.1 

1978.3 

3021.6 

6614.9 

8727.2 

2016.3 

3111.0 

6782.7 

12 

14 

8664.3 

1979.6 

3024.5 

6618.8 

8729.4 

2017.6 

3114.0 

6786.7 

14 

16 

8666.4 

1980.9 

3027.5 

6622.7 

8731.5 

2018.8 

8117.0 

6740.7 

16 

18 

8668.6 

1982.1 

3080.4 

6626.6 

8733.7 

2020.1 

8120.0 

6744.6 

18 

20 

8670.8 

1983.4 

3033.3 

6630.5 

8735.9 

2021.4 

3.23.1 

6748.6 

90 

22 

8673.0 

19S4.6 

3036.3 

6634.4 

8738.0 

2022.6 

8126.1 

6752.6 

82 

24 

8675.2 

1985.9 

3039.8 

6638.3 

8710.2 

2023.9 

3129.1 

6756.6 

84 

26 

ft677.8 

1987.2 

3042.2 

6642.2 

8742.8 

2025.2 

3132.2 

6760.6 

86 

28        8679.5 

1988.4 

8045.2 

6646.1 

8744.5 

2026.4 

3135.2 

''.764.6 

88 

80        8681.7 

1989.7 

3048.1 

6650.0 

8746.6 

2027.7 

3138.8 

6768.6 

80 

82        8683.9 

1901.0 

8051  1 

6653.9 

8748.8 

2029.0 

3141.3 

6772.6 

82 

84        8686.0 

1092.2 

3054.1 

6657.8 

8750.9 

2080.8 

8144.4 

6776.6 

84 

86        8688.2 

1993.6 

3057.0 

6661.7 

8753.1 

2031.5 

3147.4 

6780.6 

86 

88         8690.4 

1994.7 

3060.0 

6665.7 

8755.8 

2032.8 

8150.6 

67ft4.6 

88 

40        8693.6 

1996.0 

8063.0 

6669.6 

8757.4 

2034.1 

8168.5 

6788.6 

40 

42     1    B694.7 

1997.3 

8066.0 

6673.6 

87.59.6 

2035.4 

8156.6 

6792.6 

42 

44         8696.9 

1998.5 

9068.9 

6677.4 

8761.7 

2036.6 

3159.7 

6796.6 

44 

46 

8699  1 

1993.8 

3071.9 

6681.4 

8763.8 

2037.9 

3162.7 

6800.6 

46 

48 

8T01.2 

2001.1 

3074.9 

6685.3 

8766.0 

2039.2 

3165.8 

6804.6 

48 

50 

8703.4 

2002.3 

3077.9 

66S9.2 

8768.1 

2040.6 

3168.9 

6808.6 

60 

52 

8705.6 

2003.6 

3080.9 

6693.2 

8770.8 

2041.7 

3172.0 

6812.6 

68 

54 

8707.8 

2004.9 

3083.9 

6697.1 

8772.4 

2043.0 

3175.1 

6816.7 

64 

56 

8709.9 

2006.1 

8086.9 

6701.1 

8774.6 

2044.3 

3178.1 

6820.7 

66 

58     t    8712.1 

2007.4 

3089.9 

6705.2 

8776.7 

2045.6 

3181.2 

6824.7 

66 

60     1    8714.8 

.2008.7 

3092.9 

6709.0 

8778.9 

2046.8 

3184.3 

6828.8 

60 

/ 
0 

100° 

101° 

/ 

L  C. 

M. 

E. 

T. 

L.  C. 

M. 

E. 

T. 

8778.9 

2046.8 

3184.3 

6828.8 

8842.8 

2085.3 

8278.8 

6951.0 

0 

2 

8781.0 

2048.1 

3187.4 

6832.8 

8844.9 

2086.6 

8281.5 

6955.2 

8 

4 

8783.1 

2049.4 

3190.5 

6836.8 

8847.0 

2087.8 

8284.7 

6959.8 

4 

6 

8785.8 

2050.7 

8193.6 

6840.9 

8849.2 

2089.1 

3287.9 

6963.4 

6 

8 

8787.4 

2051.9 

8196.7 

6S44.9 

8851.8 

2090.4 

8-291.1 

6967.6 

8 

10 

8789.6 

2053.2 

3199.8 

6849.0 

8853.4 

2091.7 

8294.8 

6971.7 

10 

12 

8791.7 

2054.5 

8-,'02.9 

6853.0 

8855.5 

2093.0 

3-297.5 

6975.8 

12 

14 

8793.9 

2055.8 

3-206.0 

6857.1 

8857.6 

2094.3 

3300.7 

6980.0 

14 

16 

8796.0 

2057.1 

3209.1 

6861.1 

8859.8 

2095.6 

3303.9 

'6984.1 

16 

18 

8798.0 

2058.8 

8212.2 

6865.2 

8861.9 

2096.9 

3307.1 

6988.2 

18 

20 

8800.8 

2059.6 

3215.4 

6869.2 

8864.0 

2098.2 

3310.3 

6992.4 

20 

22 

8802.4 

2060.9 

3218.5 

6873.8 

8866.1 

2099.4 

8313.5 

6996.6 

22 

24 

8804.5 

2062.2 

8221.6 

6877.4 

8868.2 

2100.7 

8316  7 

7000.7 

24 

26 

8806.7 

2063.5 

3224.7 

6881.4 

8870.8 

2102.0 

3319.9 

7004.9 

26 

28     ;   8808.8 

2064.7 

3227.9 

6885.5 

8872.4 

2103.3 

3323.1 

70090 

28 

80 

8810.9 

2066.0 

3231  0 

6889.6 

8874.5 

2104.6 

3326.4 

7013.2 

80 

82 

8813.1 

2067.3 

8234.1 

6893.7 

8876.7 

2106.9 

8329.6 

7017.8 

82 

84 

8815.2 

2068.6 

3237  3 

6897.8 

8878.8 

2107.2 

3332.8 

7021.6 

34 

86 

8817.8 

2069  9 

8240  4 

6901.8 

8880.9 

2108.5 

8336.0 

7025.7 

86 

38 

8819.6 

2071.1 

3248.5 

6905.9 

8883.0 

2109.8 

3339.3 

7029.9 

88 

40 

8821.6 

2072.4 

3-246.7 

6910.0 

8885.1 

2111.1 

8342.5 

7084.0 

40 

42 

8828.7 

2073.7 

3-249.8 

6914.1 

8887.2 

2112.4 

3345.8 

7038.2 

42 

44 

8825.8 

2075.0 

3253  0 

6918.2 

8889.8 

2113.6 

3349.0 

7042.4 

44 

46 

8828.0 

2076.3 

3256.2 

6922.3 

8891  4 

2114  9 

3352.8 

7046.6 

46 

48 

8880.1 

2077.6 

8259.3 

6926.4 

8893.5 

2116.2 

8355.5 

7050.8 

48 

60 

8832.2 

2078.9 

3262.5 

6930.5 

8895. e 

2117.5 

3358.8 

7056  0 

50 

52 

8834.3 

2080.1 

3265.7 

6934. 6 

8897.7 

2118.8 

3362  0 

7059  2 

62 

64 

8886.4 

2081.4 

3268  8 

6938.7 

8899.8 

21-20.1 

8365  5 

7063  4 

54 

56 

88386 

2082.7 

3272.0 

6942.8 

8901.9 

2121.4 

8368.7 

7067.6 

56 

66 

8340.7 

2084.0 

8275.2 

6946.9 

8904.0 

21-22.7 

3372.0 

7071.8 

68 

60 

88426 

2085.3 

8278.5 

6951.0 

8906.1 

2124.0 

8376.1 

7076.0 

00    1 

8 

IX.— FUNCTIONS 

OP  A  ONE-DEGREE  CURVE. 

102«          1 

10S« 

/ 

/ 

L.O. 

M. 

E. 

T. 

L.C. 

M. 

E. 

T. 

~ 

8906.1 

2124.0 

3.375.1 

7076.0 

8968.7 

2168.0 

8474.6 

7208.6 

0 

2 

8906.2 

2125.3 

3378.3 

7080.2 

8970.8 

2164.3 

8478.0 

7207.9 

2 

4 

8910.3 

2126.6 

3381.6 

7084.4 

8972.9 

2165.6 

3481.4 

7212.2 

4 

6 

8912.4 

2127.9 

3884.9 

7088  6 

8974.9 

2166.9 

3484.7 

72165 

6 

8 

8914.5 

2129.2 

8888.2 

7092.8 

8977.0 

2168.2 

3488.1 

7220.8 

8 

10 

8916.6 

2130.5 

3391.5 

7097.1 

8979.1 

2169.6 

8491.5 

7225.1 

10 

12 

8918.7 

2131.8 

3894  7 

7101.3 

8981.1 

2170.8 

3494.9 

7229.5 

12 

14 

8920.8 

2133.1 

3:^98.0 

7105.5 

8983.2 

2172.1 

3498.3 

7233.8 

14 

16 

8922.9 

2134.4 

3401.3 

7109.7 

8985.3 

2173.4 

8501.6 

7238.1 

16 

18 

8925.0 

2135.7 

8404.6 

7114.0 

8987.3 

2174.7 

3506.3 

7242.4 

18 

20 

8927.0 

21:37.0 

8407.9 

7118.2 

8989.4 

2176.1 

8508.4 

7246.8 

90 

22 

89-29.1 

2138.3 

8111.2 

7122.4 

8991.5 

2177.4 

8511.8 

7251.1 

ae 

24 

8981.2 

2139.6 

3114.5 

7126.7 

8993.5 

2178.7 

3515.2 

72554 

24 

26 

89*3.3 

2140.9 

3417.9 

7180.9 

8995.6 

2180.0 

3518.7 

7259.8 

26 

28 

898-)  4 

2142.2 

3421.2 

7135.2 

8997.7 

2181.3 

3522.1 

7264.1 

28 

30 

8937.5 

2148.5 

3424.5 

7139.4 

8999.7 

2182.6 

3525.5 

7268.5 

80 

Bi 

8939.6 

2144  8 

8427.8 

7143.7 

9001.8 

2183.9 

8528.9 

72728 

82 

34 

8941.6 

2146.1 

8481.1 

7148.0 

9003.9 

2185.2 

3532.3 

7277.2 

34 

86 

8943.7 

2147.4 

3434.5 

7152.2 

9005.9 

2186.5 

3585.7 

7281.5 

86 

88 

8945.8 

2148.7 

3437.8 

7156.5 

9008.0 

2187.8 

3539.2 

7285.9 

88 

40 

8947.9 

21500 

8441.1 

7160.7 

9010.0 

2189.1 

8542.6 

7290.3 

40 

42 

8950.0 

2151.3 

3444.4 

7165.0 

9012.1 

2190.5 

8546.0 

7294.6 

42 

44 

8952.1 

2152.6 

3447.8 

7169.3 

9014.2 

2191.8 

8649.5 

7299.0 

44 

46 

8961.1 

2158.9 

8451.1 

7173.6 

9016.2 

2193.1 

8552.9 

7303.4 

46 

48 

2155.2 

3454.5 

7177.9 

9018.3 

2194.4 

8556.3 

7307.7 

48 

50 

8958.3 

2156  5 

8457.8 

7182.1 

9020.8 

2195  7 

8559.8 

7812.1 

60 

52 

8960.4 

2157.8 

8461.2 

7186.4 

9022.4 

2197.0 

8563.2 

7816.5 

52 

54 

8962.5 

2159.1 

8464.5 

7190.7 

9024.5 

2198.8 

8566.7 

7320.9 

54 

66 

8964.5 

2160.4 

8467.9 

7195.0 

9026.5 

2199.6 

a570.2 

7325.8 

56 

58 

8966.6 

2161.7 

3471.2 

7199.3 

9028.6 

2200.9 

3573  6 

7329.7 

58 

60 

8968.7 

2163.0 

3474.6 

7203.6 

9030.6 

2202.3 

3577.1 

7334.1 

60 

104°          1 

105° 

/ 

/ 

L.  C. 

M. 

E. 

T. 

L.  C. 

M. 

E. 

T. 

0 

9030.6 

2202.3 

8577.1 

7384.1 

9091.8 

2241.8 

3682.6 

7467.5 

0 

2 

90327 

2203.6 

8580.5 

73:38.5 

9093.9 

2243.1 

3686.1 

7472.0 

2 

4 

9034.7 

2204.9 

3584.0 

7342.9 

9095.9 

2244.4 

3689.7 

V476.5 

4 

6 

9036.8 

2206.2 

3587.5 

7347.3 

9097.9 

2245.8 

8693.3 

7481.0 

6 

8 

9038.8 

2207.5 

3591.0 

7351.7 

9099.9 

2247.1 

8696.9 

7485.5 

8 

10 

9040.9 

2208  8 

3594.4 

7856.1 

9102.0 

2248.4 

'3700. 4 

7490.0 

10 

12 

9042.9 

2210  2 

8597.9 

7360.5 

9104.0 

2249.7 

3704.0 

7494.5 

12 

14 

90450 

2211.5 

3601.4 

7364.9 

9106.0 

2251.1 

3707.6 

7499.1 

14 

16 

9047.0 

2212.8 

3604.9 

7869.4 

9108.0 

2252.4 

3711.2 

7508.6 

16 

18 

9049.1 

2214.1 

8608.4 

7378.8 

9110.1 

2253.7 

8714.8 

7508.1 

18 

20 

9051.1 

2215.4 

3611.9 

7378.2 

9112.1 

2255.0 

8718.4 

7612.6 

90 

22 

90.VJ.1 

2216.7 

3615.4 

7382.0 

9114.1 

22.56.4 

8722.0 

7517.2 

SS 

24 

9055.2 

2218  6 

3618.9 

7387.1 

9116.1 

2257.7 

8725.6 

7521.7 

24 

26 

9057.2 

2219  4 

8622.4 

7391.5 

9118.1 

22.-9.0 

8729.3 

7526.3 

26 

28 

9059.3 

2220.7 

3625.9 

7396.0 

9120.2 

2260.3 

8732.9 

7530.8 

28 

30 

90')1.3 

2222.0 

3029.4 

7400.4 

9122.2 

2261.7 

8736.5 

75a5.8 

80 

82 

9063.3 

2223.3 

3633.0 

7404.8 

9124.2 

2268.0 

8740.1 

7539  9 

82 

34 

90«5  4 

2224  6 

3636.5 

7409.3 

9126.2 

2264.3 

8743.7 

7544.4 

84 

86 

9067.4 

2226  0 

3640.0 

7413  8 

9128  2 

2265.7 

8747.4 

7549.0 

86 

38 

9069.5 

2227.3 

8643.5 

7418  2 

9130  2 

2267.0 

87.51.0 

7553.6 

88 

40 

9071.5 

2228.6 

3647.1 

7422.7 

9182.3 

2268.3 

8754.6 

7558.1 

40 

42 

9073  6 

2229.9 

3650.6 

7427.1 

9134.3 

2269.6 

8758.3 

7562.7 

42 

44 

9075  6 

2231  2 

3654.1 

7431.6 

9136.3 

2271.0 

3761.9 

7567.8 

44 

46 

90776 

2232.6 

8657.7 

7436.1 

9138.3 

2272.3 

8765.6 

7671.8 

46 

48 

9079.6 

2233.9 

3661  2 

7440  6 

9140.3 

2273  6 

3769.2 

7576.4 

48 

50 

9081.7 

2235.2 

3664.8 

7445.0 

9142.3 

2275.0 

3772.9 

7681.0 

50 

52 

9083.7 

2236.6 

8668.3 

7449.5 

9144.3 

2276.3 

8776.6 

7685.6 

62 

54 

9085.7 

2237.8 

3671.9 

7454.0 

9146  3 

2277.6 

8780.2 

7590.2 

54 

56 

9087.8 

2289.2 

3675.4 

7458  5 

9148.8 

2278.9 

8783.9 

7594.8 

56 

58 

9089.8 

2240.5 

3679.0 

7463.0 

9150.4 

2280.3 

8787.6 

7599.4 

58 

60 

9091.8 

2241.8 

3682.6 

7467  5 

9152.4 

2281.6 

8791.2 

76040 

.,«^^ 
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/ 

10«»                      1 

107* 

L.C. 

M. 

E. 

T. 

L.  C. 

M. 

E. 

T. 

0 

9153.4 

2281.6 

8791.2 

7604.0 

9212.2 

2821.7 

8908.1 

7748.7 

0 

2 

9154.4 

2282.9 

8794.9 

7608.6 

9214.2 

2328.0 

8906.9 

7748.4 

2 

4 

9156.4 

2284.3 

8798.6 

7613.2 

9216.2 

2324.4 

8910.7 

7758.1 

4 

6 

9158.4 

2285.6 

3802.8 

7617.8 

9218.1 

2325.7 

8914.5 

7757.8 

6 

8 

9160.4 

2286.9 

8805.9 

7622.4 

9220.1 

2327.0 

8918.8 

7762.5 

8 

10 

9162.4 

2288.3 

8809.6 

7627.0 

0222.1 

2828.4 

8922.1 

7767.8 

10 

12 

9164.4 

2289.6 

8813.8 

7631.7 

9224.1 

2829.7 

8925.9 

7772.0 

12 

14 

9166.4 

22909 

8817.0 

7636.8 

9226.1 

2331.1 

8929.7 

7776.7 

14 

10 

9168.4 

2292.8 

8820.7 

7610.9 

9228.1 

2832.4 

8933.6 

7781.5 

16 

18 

9170.4 

S293.6 

8824.4 

7645.6 

9230.0 

2383.7 

8937.4 

7786.2 

18 

90 

9172.4 

2294.9 

8828.1 

7650.2 

9282.0 

2385.1 

8941.2 

7791.0 

20 

22 

9174.4 

2296.3 

8881.9 

7654.8 

9284.0 

2386.4 

8945.0 

7795.7 

22 

24 

9176.4 

2297.6 

8885.6 

7669.5 

9235.9 

2387.8 

8948.9 

7800.6 

24 

26 

9178.4 

2296.9 

8839.8 

7664.1 

9237.9 

2889.1 

8952.7 

7805.2 

26 

28 

9180.4 

2300.3 

8848.0 

7668.8 

9239.9 

2840.5 

8956.5 

7810.0 

28 

80 

918'i.4 

2301.6 

8846.7 

7673.4 

9241 .9 

2841.8 

8960.4 

7814.7 

80 

82 

9184.4 

2302.9 

8850.5 

7678.1 

9243.8 

2343.1 

8964  2 

7819.5 

82 

84 

9186.4 

2304.8 

3854.2 

7682.7 

9245.8 

2344.5 

8968.1 

7824.3 

84 

86 

9188.4 

2805.6 

8858.0 

7687.4 

9247.8 

2345.8 

8971.9 

7829.1 

86 

88 

9190.4 

2306.9 

8861.7 

7692.1 

9249.7 

2347.2 

8976.8 

7888.8 

88 

40 

9192.4 

2308.8 

8865.4 

7696.7 

9251.7 

2848.5 

8979.6 

7838.6 

40 

42 

9194.4 

2809.6 

8869.2 

7701.4 

9268.7 

2849.9 

8988.6 

7848.4 

42 

44 

9196.8 

2311.0 

8873.0 

7706.1 

9255.6 

2351  2 

8987.4 

7848.2 

44 

46 

9196.3 

2312.3 

8876.7 

7710.8 

9257.6 

2852.6 

8991.8 

7858.0 

46 

48 

9-^00.8 

2318.6 

8880.6 

7716.5 

9259.6 

2353.9 

8995.1 

7857.8 

48 

60 

9202.3 

2315.0 

8884.2 

7720.1 

9261.5 

2355.8 

8999.0 

7862.6 

60 

62 

92043 

23163 

8888.0 

7724.8 

9263.5 

2356.6 

4002.9 

7867.4 

52 

64 

9206.8 

2317.7 

8891.8 

7729.5 

9265.4 

2358.0 

4006.8 

7872.2 

54 

66 

9208.2 

2319.0 

8895.6 

7784.2 

9267.4 

2359.3 

4010  7 

7877,0 

56 

68 

9210.2 

2820.8 

8809.8 

7789.0 

9269.4 

2860.7 

4014.6 

7881.9 

68 

60 

9212.2 

2321.7 

8903.1 

7743.7 

9271.8 

2362.0 

4018.5 

7886.7 

60 

/ 

108« 

109* 

/ 

L.C. 

M. 

E. 

T. 

L.  C. 

M. 

E. 

T. 

0 

9271  3 

2362.0 

401S.5 

7886.7 

9329.8 

2402.6 

4137.4 

8033.2 

0 

2 

9'i:a  1 

2863.8 

4022.4 

7891 .5 

9331.7 

2403.9 

4141.4 

8038.1 

2 

4 

927 '..^J 

2364.7 

40',»6.8 

7896.3 

9333.6 

2405.8 

4145.4 

8043.1 

4 

6 

92?r.3 

2366.0 

4030.2 

7901.2 

9335.6 

2406.6 

4149.5 

8048.0 

6 

8 

9-271  J.  *i 

2367.4 

4034.1 

7906.0 

9337.5 

2408.0 

4153.5 

8053.0 

8 

10 

92S1   I 

2368.7 

4088.0 

7910.8 

9339.4 

2409.4 

4157.5 

8057.9 

10 

12 

92^-i  A 

2370  1 

4042.0 

7915.7 

9341.4 

2410.7 

4161.6 

8062.9 

12 

14 

92^r,J) 

2371.4 

4015.9 

7920.5 

9343.3 

2412.1 

4165.6 

8067.9 

14 

16 

92<.  i) 

2372.8 

4049.8 

7925.4 

9345.2 

2413.4 

4169.7 

8072.8 

16 

18 

92saD 

2374.1 

4053.8 

7930.8 

9347.2 

2414.8 

4178.8 

8077.8 

18 

20 

0290.9 

2375.5 

4057.7 

7935.1 

9349.1 

2416.2 

4177.8 

8082.8 

20 

22 

9*^.8 

2376.8 

4061.6 

7940.0 

a351.0 

2417.5 

4181.9 

8087.8 

22 

24 

9204.8 

2378.2 

4065.6 

7944.8 

9852.9 

2418.9 

4186.0 

8092.8 

24 

26 

9296.7 

2379.5 

4069.5 

7949.7 

9354.9 

2420.2 

4190.0 

8097.8 

26 

28 

9298.7 

2380.9 

4073.5 

7954.6 

9356.8 

2421.6 

4193.1 

8102.8 

28 

80 

9300.6 

2:m.:i 

4077.5 

7959.5 

9:358.7 

2423.0 

4198.2 

8107.8 

30 

82 

9802.6 

2383.6 

4081.4 

7964.4 

9360.6 

2424.8 

4202.3 

8112.8 

32 

84 

9804.5 

2385.0 

4085.4 

7969.3 

9362.6 

2425.7 

4206.4 

8117.8 

34 

86 

9306.5 

2888.3 

4089.4 

7974.1 

9364.5 

2427.0 

4210.5 

8122.8 

86 

88 

9808.4 

8387.7 

4093.4 

7979.0 

9366.4 

2428.4 

4214.6 

8127.8 

88 

40 

9310.4 

2889.0 

4097.3 

7983.9 

9368.8 

2430.0 

4218.7 

8132.8 

40 

42 

9312.8 

2390.4 

4101.3 

7988.8 

9870.2 

2431.1 

4222.8 

8187.9 

42 

44 

9314.2 

2391 .7 

4105.3 

7993.8 

9372.2 

2432.5 

4226.9 

8142.9 

44 

46 

9316.2 

2393.1 

4109.3 

7998.7 

9374.1 

2438.9 

4231.0 

8147.9 

46 

48 

9318.1 

2394.4 

4113.8 

800:3.6 

9376.0 

2435.2 

42:35.1 

8153.0 

48 

60 

9320.1 

2396.8 

4117  8 

8008.5 

9377.9 

2436.6 

4239  8 

8158.0 

50 

52 

9822.0 

2397.2 

4121.3 

8013.4 

9379.8 

2438.0 

4243.4 

8163.1 

52 

54 

9323.9 

2398.6 

41-^.8 

8018.4 

9381.7 

2439.3 

4247.5 

8168.1 

54 

56 

9825.9 

2399.9 

4129.3 

8023  3 

9383.7 

2440.7' 

4251.7 

8173.2 

56 

56 

9827.8 

2401.2 

4133.4 

8028.2 

9385.6 

2442.1 

4255.8 

8178.2 

68 

60 

9329.8 

2402.6 

4137.4 

80.^3.2  ■  9387.6 

2443  4 

4260.0 

8188.8 

60 
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/ 

110»          1 

111« 

$ 

L.C. 

M. 

E. 

T. 

L.C. 

M. 

E. 

T. 

0 

9387.5 

2443.4 

4260.0 

8188.3 

9444.5 

2484.6 

4386.4 

8887.2 

0 

2 

9389.4 

2444.8 

4264.1 

8188.4 

9446.4 

2485.9 

4890.7 

8842.4 

2 

4 

9391.8 

2446.1 

4268.3 

8193.4 

9448.8 

2487.2 

4396  0 

8847.6 

4 

« 

9:^3  2 

2447.6 

4272.4 

8198.5 

9450.1 

2488.6 

4399.8 

8858.8 

6 

8 

9395.1 

2448.9 

4276.6 

8203.6 

9452.0 

2490.0 

4408.6 

8368.0 

8 

10 

9397.0 

2450.2 

4280.8 

8208.7 

9458.9 

2491.4 

4407.9 

8368.2 

10 

12 

9398.9 

2451.6 

4284.9 

8213.8 

9455.8 

2492.7 

4412.2 

8368.5 

18 

14 

9400.8 

2463.0 

4289.1 

8218.9 

9457.7 

2494.1 

4416.5 

8873.7 

14 

16 

9402.7 

2454.8 

4293.8 

8224.0 

9459.6 

2495.5 

4480.8 

8378  0 

16 

18 

9404.7 

2455.7 

4297.5 

8229.1 

9461.4 

2496.0 

4426.1 

8384  1 

18 

20 

9406.6 

2457.1 

4801.7 

8234.2 

9463  8 

2498.2 

4429.5 

8389.4 

80 

28 

9406.5 

2458.4 

4306.9 

8239.3 

9465.2 

2499.6 

4488.8 

8894  6 

82 

24 

9410.4 

2459  8 

4310.1 

8244.4 

9467.1 

2601.0 

4488.1 

8899.9 

24 

26 

9412.3 

2461.2 

4314.3 

8249.6 

9469.0 

2502.4 

4442.5 

8405.1 

86 

28 

9414.2 

2462.6 

4318.5 

8254.6 

9470.8 

2508.8 

4446.8 

8410.4 

88 

80 

9416.1 

2463.9 

4322.7 

8259.8 

9472.7 

2505.1 

4451 .2 

8415.6 

80 

»{ 

9418.0 

2465.3 

4326.9 

8264.9 

9474.6 

2506.6 

4455.5 

8420.9 

82 

84 

9419.9 

2466.7 

4381.1 

8270.0 

9476.5 

2507.9 

4459.9 

8426.2 

84 

86 

9421.8 

2468.0 

4835.4 

8276.2 

9478.8 

2509.3 

4464.2 

8481.4 

86 

88 

0428.7 

2469.4 

4389.6 

8280.8 

9480.2 

2610.6 

4468.6 

8486.7 

88 

40 

9425.6 

2470.8 

4843.8 

8285.5 

9482.1 

8512.0 

4478.0 

8442.0 

40 

42 

9427.5 

2472.1 

4348.1 

8290.6 

9484.0 

2513.4 

4477.8 

8447.8 

42 

44 

9429.3 

2473.5 

4352.3 

8295.8 

9485.8 

2514.8 

4481.7 

8452.6 

44 

46 

9431.2 

2474.9 

4356.6 

8300.9 

9487.7 

2616.2 

4486.1 

8467.9 

46 

48 

9433.1 

2476.3 

4360.8 

8306.1 

9489.6 

2517.5 

4490.5 

8463.2 

48 

50 

9485.0 

2477.6 

4365.1 

a311.3 

9491.4 

2518.9 

4494.0 

8468.6 

50 

52 

9436.9 

2479.0 

4369.3 

8:il6.5 

9493.3 

25W.3 

4499.8 

8473.8 

62 

64 

9438.8 

2480.4 

4373.6 

8321.6 

9495.2 

8521.7 

4503.7 

8479.1 

64 

66 

9440.7 

2481.7 

4377.9 

8326.8 

9497.0 

2523  1 

4508.1 

8484.4 

56 

58 

9442.6 

2483.1 

4382.2 

8332.0 

9498.9 

2524.5 

4.512.5 

8489.7 

58 

60 

9444.5 

2484  5 

4386  4 

8387  2 

9500.8 

2525.8 

4516.9 

8495.1 

60 

/ 

112»          1 

118« 

/ 

L.C. 

M. 

E. 

T. 

L.  C. 

M. 

B 

T. 

0 

9500.8 

2525.8 

4516.9 

8495.1 

95.56.3 

2567.4 

4651.6 

8657.1 

0 

2 

9502.6 

2527  2 

4521 .4 

8500.4 

a558.2 

2568.8 

4656.2 

8662.6 

2 

4 

9504.6 

2528.6 

4525.8 

8605.8 

9560.0 

2570.2 

4660.8 

8668.0 

4 

6 

9506.4 

2530.0 

4.580.2 

8511.1 

9561.8 

2571.6 

4665.4 

8678.5 

6 

8 

95062 

2531.4 

4534.6 

8516.4 

9563.7 

2573.0 

4669.9 

8679.0 

8 

10 

9510.1 

25;«.7 

4539.1 

8521.8 

9565.5 

2574.4 

4674.5 

8684.5 

10 

12 

9511.9 

2534.1 

4543.5 

8527.1 

9567.4 

2575.8 

4679.1 

8690.0 

12 

14 

9513.8 

2536.5 

4548.0 

8532.5 

9569.2 

2577.1 

4683.7 

8696.6 

14 

16 

9515.7 

2536.9 

4552.4 

8537.9 

9571 .0 

2578.6 

4688  8 

8701.0 

16 

18 

9517.5 

2538.3 

4556.9 

8543.2 

9572.9 

2579.0 

4692.9 

8706.6 

18 

20 

9519.4 

2539.7 

4561.3 

8548.6 

9574.7 

2581.8 

4697.6 

8712.0 

80 

22 

9621.2 

2541.0 

4565.8 

85.54.0 

9576.5 

2582.7 

4702.1 

8717.6 

88 

24 

9523.1 

2542.4 

4.570.3 

a559  4 

9.578.4 

2584.1 

4706.8 

8723.1 

84 

26 

9524  9 

2543  8 

4574.8 

8584.8 

9.580  2 

2685.6 

4711.4 

8728.6 

86 

28 

9626.8 

2545.2 

4579.8 

8570  2 

9682.0 

2586.9 

4716.0 

8784.2 

88 

80 

9628.6 

2546  6 

4583.7 

8575.6 

9.58:^  8 

2688.3 

4720  6 

8739.7 

80 

32 

95305 

2548.0 

4588.2 

8581.0 

95H5.7 

2589.7 

4726.8 

8745.8 

82 

84 

9532  3 

2549.4 

4592.7 

8586.4 

9587.5 

2691.1 

47-29.9 

8750.8 

84 

86 

9634.2 

2550  7 

4.597.2 

8591.8 

9589.3 

2592.6 

4734.6 

8756.4 

86 

88 

95360 

2552.1 

4C01.7 

8597.2 

9591.1 

2598.9 

4739.2 

8761.0 

88 

40 

9537.9 

2653.5 

4606  2 

8602.6 

9593.0 

2595.8 

4743.9 

8767.6 

40 

42 

9539.7 

2554.9 

4610  8 

8608.0 

9594.8 

2596.7 

4748.5 

8778.1 

48 

44 

9541.6 

2556  8 

4615.3 

h613.5 

9596.6 

2598.1 

4758.2 

8778.6 

44 

46 

9643.4 

2.557.7 

4619.8 

hfil8.9 

9698.4 

2599.4 

4757  9 

8784.2 

46 

48 

9545.3 

2559.1 

4624.3 

8624.3 

9600.3 

2600.8 

4762.6 

8789.8 

48 

50 

9647.1 

2560.5 

4628  9 

86i9.8 

9602.1 

2602.2 

4767.2 

8795.4 

60 

52 

9*49.0 

2561.8 

tim  4 

8635.2 

960:^.9 

2608.6 

4771.9 

6801.0 

68 

54 

9550.8 

2568  2 

46:^8  0 

8&40.7 

9605.7 

26050 

4776.6 

8806.6 

64 

66 

9552  6 

2664.6 

4642.5 

8646.2 

9607  5 

2606.4 

4781.3 

8818.2 

66 

58 

JJ654.5 

2666.0 

4647  1 

8651.6 

9609.4 

2607.8 

4786.0 

8817.8 

58 

60 

9556.8 

2667.4 

4651.6 

8657.1 

9611.2 

2609.2 

4790.7 

8828.4 

60  ; 
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1140                       1 

116* 

/ 

/ 

L.C. 

M. 

E. 

T. 

L.  C. 

M. 

E. 

T. 

0 

9611  2 

2609.2 

4790.7 

8823.4 

9665.3 

2651.3 

4934.4 

8994.8 

0 

2 

9618.0 

2610.6 

4795.5 

8829.1 

9667.1 

2652.7 

4939.3 

9000.1 

8 

4 

9614.8 

2612.0 

4800.2 

88:W.7 

9668.8 

2654.1 

4944.2 

9005.9 

4 

6 

9616.6 

2613.4 

4804.9 

8840.3 

9670.6 

26.55.5 

4949.1 

9011.6 

6 

8 

9618.4 

2614.8 

4809.6 

8846.0 

9672.4 

2656.9 

4954.0 

9017.4 

8 

10 

9620.2 

2616.2 

4814.4 

8851.6 

9674.2 

26.58.8 

4958.9 

9028.2 

10 

12 

9622.0 

2617.6 

4819.1 

8857.2 

9676.0 

2659.7 

4963.8 

9029.0 

12 

14 

9623.8 

2619.0 

48.i3  9 

8862.9 

9677.8 

2661.1 

4968.7 

9084.8 

14 

16 

9625.7 

2620.4 

4828.6 

8868.5 

9679.6 

26f2.5 

4973.6 

9040.7 

16 

18 

9627.6 

2621.8 

4833.4 

8874.2 

9681.4 

2663.9 

4978.5 

9046.5 

18 

20 

9629.3 

2623.2 

4888.1 

8879.9 

9683.1 

2665.4 

4968.4 

9052.8 

20 

22 

9631.1 

2624.6 

4812.9 

88a5.5 

9684.9 

2666.8 

4968.3 

9058.1 

22 

24 

9682.9 

2626.0 

4847.7 

8891.2 

9686.7 

2668.2 

4998.8 

9064.0 

24 

26 

9631.7 

2627.4 

4852.4 

8896.9 

9688.5 

2669.6 

4998.2 

9069.8 

26 

28 

96:^6.5 

2628  8 

4a57.2 

8902.6 

9690.3 

2671.0 

5003.2 

9075.7 

26 

80 

96:^.8 

2630.2 

4862.0 

8908.8 

9692.0 

2672.4 

5006.1 

9081.5 

80 

32 

9640.1 

2631.6 

4866.8 

89140 

9693.8 

2678.8 

5013.1 

9087.4 

82 

84 

9641.9 

2633.0 

4871.6 

8919  7 

9695.6 

2675.2 

5018.0 

9093.2 

84 

36 

9643.7 

2634.4 

4876.4 

8925  4 

9697.4 

2676.6 

5023.0 

9099.1 

86 

38 

9615.5 

2635.8 

4881.2 

8981.1 

9699.1 

2678.0 

50-28.0 

91050 

88 

40 

9647.3 

2637.2 

4885.0 

8936.8 

9700.9 

2679.5 

5032.9 

9110.8 

40 

4-,» 

9649.1 

2638.6 

4890.9 

8942  6 

9702.7 

2680.9 

6037.9 

9116.7 

42 

44 

9650.9 

2640.0 

4895.7 

8948.3 

9704  5 

2682.3 

5042.9 

9122.6 

44 

46 

9652.7 

2641.4 

4900.5 

8954  0 

9706.2 

2683.7 

50479 

9128.5 

46 

48 

96.54.6 

2642  9 

4905.3 

8959  8 

9708.0 

2685.1 

5052.9 

9134  4 

48 

50 

9666.3 

2644  3 

4910.2 

8965  5 

9709.8 

2686. 5 

5057.9 

9140.3 

50 

52 

9658.1 

2645.7 

4915.0 

8971.3 

9711.6 

2C87.9 

5062.9 

9146.2 

52 

5» 

9659.9 

2647.1 

4919  9 

8977.0 

9713.8 

2689.3 

5067.9 

9152  1 

54 

56 

9661.7 

2848.5 

4924.7 

8982.8 

9715.1 

2600.7 

6072.9 

9158.1 

56 

58 

9668.5 

2649.9 

4929.6 

8988.5 

9716.9 

269-2.2 

6078.0 

9164.0 

58 

60 

9665.8 

2661  3 

4934.4 

8994.8 

9718.6 

2698.6 

5083.0 

9169.9 

60 

' 

lift* 

117» 

/ 

L.  C. 

M. 

E. 

T. 

L.C. 

M. 

E^_ 

T. 

0 

9718.6 

2693.6 

5063.0 

9169.9 

9771.3 

2786.1 

5236.6 

9350.5 

0 

2 

97«0.4 

2696.0 

60880 

J)175  9 

9778  0 

2737.5 

5241.8 

9856.6 

2 

4 

9722.2 

2696.4 

5098.1 

9181.8 

9774.7 

2788.9 

5247.0 

9362.7 

4 

6 

9723.9 

2697.8 

5098.1 

9188.8 

9776  5 

2740.4 

5252.2 

9368.9 

6 

8 

9725.7 

2699.2 

5108  2 

9193.7 

9778  2 

2741.8 

5257.4 

9375.0 

8 

10 

9727.4 

2700.6 

5108.2 

9199.7 

9779.9 

2743.2 

5262.6 

9881.1 

10 

12 

9729.2 

270M 

5113.3 

9205.6 

9781.7 

2744.6 

5267.9 

9887.3 

12 

14 

9731.0 

2703.5 

5118.4 

9211.6 

9^a3  4 

2746.0 

5273.1 

9398.4 

14 

16 

9732.7 

27«)4.9 

5128.4 

92176 

9785.2 

2747.5 

5278.4 

9899.5 

16 

18 

»734.5 

2706.8 

51-28. 5 

9228.6 

9786.9 

2748  9 

5283.6 

9405.7 

18 

20 

9736.8 

2707.7 

51.38.6 

9229  6 

9788.6 

2750.3 

5288.9 

9411.9 

20 

22 

9788.0 

2709.1 

61.38.7 

9-285  5 

9790.4 

2751.7 

5-294.2 

9418.0 

22 

24 

9739.8 

2710.6 

.5143.8 

9241.5 

979-2.1 

2753  2 

5299  5 

9424.2 

24 

26 

9741.6 

2712.0 

5148.9 

9247  6 

9*98.8 

2754.6 

5804.7 

9430.4 

26 

28 

9743.3 

2718.4 

5154  0 

9258  6 

9795  6 

2756.0 

5810.0 

9436.6 

28 

30 

9745.0 

2714  8 

5159.1 

9259  6 

9797.3 

2757.4 

5815.8 

9442.8 

30 

82 

9746.8 

2716.2 

5164.2 

9266  6 

9799.0 

2758.9 

5.3-20.6 

9449.0 

32 

34 

9748.6 

2717.6 

5169.4 

9271.6 

9800.7 

•v»760.3 

532.1.9 

9455  2 

34 

36 

9750.8 

2719.1 

5174.5 

9-277  7 

9802.5 

2761.7 

6331.2 

9461.4 

36 

88 

9762.0 

2720.5 

5179.7 

9283.7 

9804.2 

2768.1 

5336.5 

9467.6 

38 

40 

9758.8 

2721.9 

5184.8 

9289.8 

9805.9 

2764.6 

5841.8 

9478.8 

40 

42 

9766.6 

2728.8 

5190.0 

9295.8 

9807.7 

276<1.0 

5347.2 

948<>.0 

42 

44 

9767.8 

2724.7 

5195.1 

9301.9 

9809.4 

2767.4 
2768.8 

53.5-2.5 

9486.3 

44 

40 

9759.0 

2726.2 

5200.8 

9307.9 

9811.1 

5.3.57.9 

9492.5 

46 

48 

9760.8 

2727.6 

5205.4 

9814.0 

9812.8 

2770.8 

5863.2 

9498.7 

48 

60 

9762.6 

2729.0 

5210.6 

93-20.1 

9814.6 

2771.7 

5368.5 

9.505.0 

50 

52 

9764.8 

2730.4 

5215.8 

93-26.1 

9816.3 

2778.1 

5378.9 

9511.2 

52 

64 

9766.0 

2731.8 

5221.0 

9882.2 

9818.0 

2774.6 

5379.3 

9517.5 

54 

56 

9767.8 

2r33.3 

5226.2 

9338.3 

9819.7 

2776.0 

53S4.7 

9523.8 

56 

68 

9769.5 

2784.7 

5231.4 

9344.4 

9821. 4 

2777.4 

5890.0 

9530.0 

68 

60 

9771.8 

2786.1 

5236.6 

9350.5 

9823.1 

2778.8 

5895.4 

9636.3 

60 
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TABLE  IXa.— CORRECTION  FACTORS  FOR  USE  WITH  TABLE 
OF  FUNCTIONS  OF  A   !»  CURVE 
Let  11=  number  of  chord  lengths  used  per  degree  of  curve.     n=l  when 
c  =100  ft.;  n=2  whenc=50ft.;  n  =4  when  c  =25  ft.;  n  =  10  when  c  =  10  f t. 
Let  (/JJ)  =sin  iJ,  vers  iJ,  exsec  iJ,  or  tan  il,  according  as  the  true  L.C., 
Jf ,  ^  or  r   is  wanted  for  the  particular  value  of  c  used. 
100 


R(fhD  ■■ 


2n 


sin  \  — 


^(/iD=a+ft)5p5(/jD. 


From  which  1  +*  = 


100 
2n^ 


6730  sin  i- 


True  L,C.,  M.E,  or  T 


Tabular  function 
Degree  of  curve 


(1+*). 


Degree  of 
Curve. 

Values  of  k  for  Chord  Lengths  of 

100  Feet. 

50  Feet. 

26  Feet. 

10  Feet. 

Degree  of 
Curve. 

0°30' 
1      0 

1  30 

2  0 
2   30 

-0.000070 
-0.000060 
-0.000045 
-0.000023 
+0.000009 

-0.000073 
-0.000070 
-0.000066 
-0.000061 
-0.000055 

-0.000073 
-0.000073 
-0.000072 
-0.000070 
-0.000068 

-0.000074 
-0.000074 
-0.000074 
-0.000074 
-0.000074 

0«30' 
1      0 

1  30 

2  0 
2   30 

3     0 

3  30 

4  0 
4   30 
6     0 

+0.00004 
+0.00008 
+0.00013 
+0.00018 
+0.00024 

-0.000045 
-0.000035 
-0.000023 
-0.000010 
-0.000006 

-0. 000066 
-0.000063 
-0.000061 
-0.000057 
-0.000054 

-0.000073 
-0.000073 
-0.000072 
-0.000072 
-0.000071 

3     0 

3  30 

4  0 

4  30 

5  0 

6   30 
6     0 

6  30 

7  0 
7   30 

+0.00031 
+0.00038 
+0.00047 
+0.00057 
+0.00066 

+0.000022 

+0.0Q004 

+0.00006 

+0.00008 

+0.00011 

-0.000050 
-0.000045 
-0.000040 
-0.000035 
-0.000029 

-0.000071 
-0.000070 
-0.000069 
-0.000068 
-0.000067 

5  30 

6  0 

6  30 

7  0 
7   30 

8     0 

8  30 

9  0 
9    30 

10     0 

+0.00074 
+0.00084 
+0.00095 
+0.00107 
+0.00120 

+0.00014 
+0.00016 
+0.00019 
+0.00021 
+0.00024 

-0.000023 
-0.000016 
-0.000010 

0.00000 
+0.00001 

-0.000066 
-0.000065 
-0.000064 
-0.000063 
-0.000062 

8     0 

8  30 

9  0 
9   30 

10     0 

11  0 

12  0 

13  0 

14  0 

15  0 

+0.00146 
+0.00176 
+0.00207 
+0.00242 
+0.00280 

+0.00031 
+0.00038 
+0.00046 
+0.00055 
+0.00064 

+0.00002 
+0.00004 
+0.00006 
+0.00008 
+0.00010 

-0.000059 
-0.000056 
-0.000053 
-0.000050 
-0.000046 

11  0 

12  0 

13  0 

14  0 
16     0 

16  0 

17  0 

18  0 

19  0 

20  0 

+0.00318 
+0.00361 
+0.00405 
+0.00453 
+0.00502 

+0.00074 
+0.00085 
+0.00096 
+0.00108 
+0.00120 

+0.00013 
+0.00015 
+0.00018 
+0.00021 
+0.00024 

-0.000042 
-0.000038 
-0.000033 
-0.000028 
-0.000023 

16  0 

17  0 

18  0 

19  0 

20  0 

21  0 

22  0 

23  0 

24  0 

25  0 

+0.00555 
+0.00610 
+0.00667 
+0.00727 
+0.00790 

+0.00133 
+0.00146 
+0.00161 
+0.00176 
+0.00192 

- 
- 

H 
H 

1-0.00028 
-0.00031 
-0.00035 
-0.00038 
-0.00042 

-0.000018 
-0.000013 
-0.000007 
-0.000001 
+0.000005 

21  0 

22  0 

23  0 

24  0 
25*     0 

26  0 

27  0 

28  0 

29  0 

30  0 

+0.00856 
+0.00924 
+0.00995 
+0.01068 
+0.01144 

+0.00207 
+0.00224 
+0.00242 
+0.00260 
+0.00279 

+0.00046 
+0.00050 
+0.00055 
+0.00059 
+0.00064 

+0.000011 
+0.000018 
+0.000025 
+0.000032 
+0.000040 

26  0 

27  0 

28  0 

29  0 

30  0 

TABLE  X.-SmES  AND  COSINES. 
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60 
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Coflin 
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70!^i34 
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799663 
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.9<jy^ 

1 
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.9tfi*iy 
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59 
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.99937 
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68 
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66 
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.99446 

.12245 
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.99244 

.14001 

.9^015 

.157S0L9f^55!  67 

4 

.0H>^n 

.99009 

.10569 

.99440 

.12302 

.99240 

.]40i!:i  .99011 
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.995S>9 

.10684 

.99428 

.12418 
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.99396 

.12706 
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.99310 

.13456 
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1.121581.992581 

.13889 
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.l^i.VJ 

.'►    29, 

g-w,.^.     fy^YTS 

.22666 

^398 

.24362 

.96987 

54 

? 

.17j>i5  .9844^ 
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.'J-A2. 

.2       .         760 

.22750  .97378 

.24446 

.96966  51 

10 

.17551  .04^ao| 

Ji*;i(h3 

.mQ7. 

.210.U 
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.97264; 

.24925 

.96844134 

27 

.1  ■    -      ■  -41 

.19W0J 

■'    10 

.2               >48 

.23260 

.97257 

.24954 

.96887  38 

28 

.1            ..:;o 

.196^') 

.^i  '  W 

.2 

M2 

.23288 

.972611 

.24982 

.96829;  32 

29 

.It^.j-   .J^:M[ 

.ISiMW 

.:-  '[ja 

.2 

S36 

.23316 

.972441 

.25010 

.96822 

31 

80 

.1S£M  ,y6a^ 

.109517 

.!»■■  -agj 

.2               (30 

.23845 

.97287 

.25088 

.96815 

30 

81 

.18S53'  983*) 

.199W 

.i^-  '37 

.2               523 

.28373 

.97280' 

.96807 

29 

89 

.1H2H]   ,Lfri;il5 

.UJ'J'.tl 

.^^  311 

.2               117, 

.23401 
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.42209 

.90655 

2 

69 

.86810 

.96868 

.87484 

.92729 

.39046  .92062! 

.40647  .91366 

.42285 

.90643 

1 

60 

0 

.86887 

.96668 

.87461 
Oosin 

.92718 

.890731.92050 
Oosin  1  Sine 

.40674  .91355 
CJostnSine 

.42262 

.90681 

_0 

Ooifal 

Sine 

Sine 

CoBin 

Sine 

# 

M^   1 

6S*   1 

8' 

r^ 1 

1    $«• 

66« 

378 


'I'ABLE  X.-SINES  AND  COSINES. 


"o 

25'* 

26^   1 

270 

28»    1 

290 

Sine 

Cosin 

Sine 

Cosin 

Sine 

Cosin 

Sine 

Cosin 

Sine 

Cosin 

.42262 

.90631 

.43837 

.89879 

.45399 

.89101 

.46947 

.88295 

.48481 

.87462 

60 

1 

.42288 

.90618 

.48863 

.89867 

.45425 

.89087 

.46973 

.88281 

.48506 

.87448 

59 

2 

.42815 

.90606 

.43889 

.89854 

.45451 

.89074 

.46999 

.88267 

.48582 

.87434 

58 

8 

.42841 

.90594 

.43916 

.89841 

.45477 

.89061 

.47024 

.88254 

.48657 

.87420 

57 

4 

.42367 

.90582 

.43942 

.89828 

.45503 

.89048 

.47050 

.88240 

.48588 

.87406 

56 

6 

.42894 

.90569 

.43968 

.89816 

.45529 

.89035 

.47076 

.88226 

.48608 

.87391 

56 

6 

.43420 

.90557 

.43994 

.89803 

.45554 

.89021 

.47101 

.88213 

.48684 

.87377 

54 

7 

.42446 

.90545 

.44020 

.89790 

.45580 

.89008 

.47127 

.88199 

.48659 

.87363 

63 

8 

.42478 

.90532 

.44046 

.89777 

.45606 

.88995 

.47153 

.88185 

.48684 

.87349 

62 

0 

.42499 

.90520 

.44072 

.89764 

.45632 

.88981 

.47178 

.88172 

.48710 

.87335 

61 

10 

.42526 

.90507 

.44098 

.89752 

.45658 

.88968 

.47304 

.88158 

.48735 

.87381 

60 

11 

.^562 

.90495 

.44124 

.89739 

.45684 

.88966 

.47289 

.88144 

.48761 

.87306 

49 

12 

.42578 

.90483 

.44151 

.89736 

.45710 

.88942 

.47255 

.88180 

.48786 

.87298 

48 

18 

.42604 

.90470 

.44177 

.89713 

.45736 

.88928 

.47281 

.88117 

.48811 

.87278 

47 

14 

.42681 

.90458 

.44203 

.89700 

.45762 

.88915 

.47306 

.88103 

.48887 

.87264 

46 

15 

.42657 

.90446 

.44229 

.89687 

.45787 

.88908 

.47888 

.88089 

.48862 

.87250 

45 

16 

.42688 

.90433 

.44255 

.89674 

.45813 

.47358 

.88075 

^fiftfift 

.87285 

44 

.4Q000 

17 

.42709 

.90421 

.44281 

.89662 

.45889 

'.88875 

.47883 

.88062 

.48918 

.87221 

43 

18 

.42786 

.90408 

.44307 

.89649 

.45865 

.88862 

.47409 

.88048 

.48988 

.87207 

42 

19 

.42782 

.90896 

.44333 

.89686 

.45891 

.88848 

.47484 

.88034 

.48964 

.87193 

41 

20 

.42788 

.90383 

.44359 

.89623 

.45917 

.88885 

.47460 

.88080 

.48989 

.87178 

40 

21 

.42615 

.90871 

.44385 

.89610 

.45942 

.88822 

.47486 

.88006 

.49014 

.87164 

89 

22 

.42841 

.90358 

.44411 

.89597 

.45968 

.88806 

.47511 

.87993 

.49040 

.87150 

88 

28 

.42867 

.90346 

.44437 

.89584 

.45994 

.88795 

.47537 

.87979 

.49066 

.87186 

87 

24 

.42894 

.90334 

.44464 

.89571 

.46020 

.88782 

.47562 

.87965 

.49090 

.87121 

86 

26 

42920 

.90321 

.44490 

.89558 

.46046 

.88768 

.47588 

787951 

.49116 

.87107 

86 

26 

;42946 

.90309 

.44516 

.89545 

.46072 

.88755 

.47614 

.87987 

.49141 

.87008 

84 

27 

.42972 

.90296 

.44542 

.89532 

.46097 

.88741 

.47639 

.87923 

.49166 

.87079 

88 

28 

.42999 

.90284 

.44568 

.89519 

.46123 

.88728 

.47665 

.87909 

.49102 

.87064 

82 

29 

.48025 

.9)271 

.44594 

.89506 

.46149 

.88715 

.47690 

.87896 

.49217 

.87050 

81 

30 

.43051 

.90259 

.44620 

.89493 

.46175 

.88701 

.47716 

.87888 

.49242 

.87086 

80 

» 

.48077 

.90246 

.44646 

.89480 

.46201 

.88688 

.47741 

.87868 

.49268 

.87081 

20 

82 

.43104 

.90233 

.44672 

.89467 

.46226 

.88674 

.47767 

.87864 

.49898 

.87007 

28 

83 

.48180 

.90221 

.44698 

.89454 

.46252 

.88661 

.47793 

.87840 

.49818 

.86993 

27 

84 

.48156 

.90208 

.44724 

.89441 

.462'/8 

.88647 

.47818 

.87826 

.49844 

.86978 

26 

85 

.48182 

.90196 

.44750 

.89428 

.46804 

.88634 

.47844 

.^7812 

.49669 

.86964 

25 

86 

.43209 

.90183 

.44776 

.89415 

.46830 

.88620 

.47869 

.87798 

.49894 

.86949 

24 

87 

.43285 

.90171 

.44802 

.89402 

.46355 

.88807 

.47805 

.87?84 

.49410 

.86935 

28 

88 

.43261 

.90158 

.44828 

.89389 

.46381 

.88503 

.47920 

.87770 

.40445 

.66981 

22 

89 

.43287 

.90146 

.44854 

.89376 

.46407 

.88580 

.47946 

.87766 

.49470 

.86906 

21 

40 

.48813 

.90133 

.44880 

.89363 

.46483 

.88666 

.47971 

.87743 

.49405 

.66892 

20 

41 

.48840 

.90120 

.44906 

.89860 

.46468 

.88668 

.47997 

.87729 

.49681 

.68878 

19 

42 

.43366 

.90108 

.44932 

.89337 

.46484 

.88589 

.48022 

.87715 

.49546 

.86868 

18 

48 

.43392 

.90095 

.44958 

.89324 

.46510 

.88626 

.48048  .8/701 

.49571 

.66649 

17 

44 

.43418 

.900«8 

.44984 

.89311 

.46536 

.88512 

.480781.87687 

.49696 

.86884 

16 

46 

.43445 

.90070 

.45010 

.89298 

.46561 

.88499 

.48099  .87673 

.49622 

.66880 

16 

46 

.48471 

.90057 

.45036 

.89285 

.46587 

.88485 

.481241.87659 

.49647 

.86806 

14 

47 

.43497 

.90046 

.45062 

.89272 

.46613 

.88472 

.48150  .87646 

.49672 

.86791 

13 

48 

.48528 

.90032 

.45088 

.89259 

.46639 

.88458 

.48175 

.87631 

.49607 

.66777 

12 

49 

.43540 

.90019 

.45114 

.89245 

.46664 

.88445 

.48201 

.87617 

.49738 

.86782 

U 

60 

.48575 

.90007 

.45140 

.89282 

.46690 

.88481 

.48226 

.87603 

.40748 

.66748 

10 

61 

.48002 

.89994 

.46166 

.89219 

.46716 

.88417 

.48262 

.87589 

.49778 

.89S83 

9 

52 

.43688 

.89981 

.45192 

.89306 

.46742 

.88404 

.48277 

.87575 

.49796 

.86710 

8 

63 

.43664 

.89968 

.45218 

.89193 

.46767 

.88890 

.48303 

.87561 

.49624 

.66?D4 

7 

54 

.43660 

.89956 

.45243 

.89180 

.46798 

.88377 

.48388 

.87546 

.49849 

.86090 

6 

65 

.48706 

.89943 

.45369 

.89167 

.46819 

.88863 

.48864 

.87582 

.49674 

.86676 

5 

66 

.48788 

.89930 

.45295 

.89153 

.46844 

.88349 

.48879 

.87518 

.49899 

.86661 

4 

67 

.48769 

.89918 

.45321 

.89140 

.46870 

.88836 

.48405 

.87504 

.49924 

.66646 

8 

68 

.43785 

.89906 

.45847 

.89127 

.46896 

.88322 

.48480 

.87490 

.40960 

.86682 

2 

60 

.48811 

.89893 

.45873 

.89114 

.46921 

.88308 

.48456 

.87476 

.49976 

.66^7 

1 

60 

.48887 

.89879 

.45399 

.89101 
Sine 

.46947 

.88295 

.48481 

.87462 

.60000 

.66008 

Oosin 

Sine 

OoBin 

Cosin 

Sine 

Cosin 

Sine 

Oosin 

Sine 

M«   1 

63»   1 

e2« 

61»   1 

W^       1 

TABLE  X.-SINE8  AND  COSINES. 
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80* 


Bine 


.aoooo 


Oosin 
86603 


.60160 
.50076 
.50101 
.50126 
.50151 
.50176 
.50201 


.50277 


.50327 


.50377 
.50103 
.50128 
.50453 
.50178 
.50603 


.60628 


.50653 


.50578 
.50603 


.50654 
.60679 
.60704 
.50729 
.60754 

.60779 
.50604 
.50629 
.60664 
.60679 
.60904 
.60929 
.60954 
.60979 
.61004 

.61029 
.61054 
.51079 
.61104 
.51129 
.51154 
.51179 
.51204 
.51229 
.61254 

.61279 
.51.304 
.51329 
.51354 
.61379 
.61404 
.61429 
.61454 
.51479 
.51504 


CkMin 


.86573 
.86559 
.86544 
.86530 
.86515 
.86501 
.86486 
.86471 
.86457 


.86427 
.86413 


.86354 
.86340 


.86310 


.86207 
.86192 
.86178 
.86163 

.86148 
.86133 
.86119 
.86104 
.86069 
.86074 
.86059 
.86015 


86016 
86000 


.86970 
.86956 
.86941 


.86911 
.85896 
.86881 


.85851 
.85836 
.85821 
.85806 
.85792 
.85777 
.85782 
.85747 
.85782 
.85717 
Sine 


W 


81»   1 

Sine 

Cosin 

.51501 
.51529 
.51564 
.51579 
.51601 
.51628 
.51653 
.61678 
.51703 
.51'r28 
.51763 

.61778 
.51803 
.51828 
.51852 
.51877 
.51902 
.51927 
.51952 
.51977 
.62002 

.52026 
.52051 
.52076 
.52101 
.52126 
.52151 
.52175 
.52200 
.62225 
.62250 

.62275 
.52299 
.52324 
.52349 
.62874 
.62899 
.62423 
.52448 
.52173 
.52496 

.62522 
.52647 
.52572 
.52597 
.52621 
.52646 
.52671 
.52696 
.52720 
.52745 

.52770 
.52794 
.62819 
.52844 
.62869 
.52893 
.62918 
.52948 
.52967 
.62992 

.85717 
.85702 
.85687 
.86672 
.85657 
.85642 
.85627 
.85612 
.85597 
.85582 
.85667 

.86551 
.85536 
.85521 
.85606 
.85491 
.85476 
.86461 
.85446 
.86431 
.86416 

.86401 
.85385 
.86870 
.85355 
.85840 
.85326 
.85310 
.85294 
.85279 
.85264 

.86249 
.85234 
.85218 
.85203 
.85188 
.861731 
.86157 
.85142 
.85127 
.86112, 

.85096 
.85061 
.85066 
.86051 
.85035 
.86020 
.86005 
.81969 
.81974 
.84959 

.84943 
.&1928 
.84913 
.84897 
.&1882 
.84866 
.848511 
.84886 
.848201 
.84805 
Sine 

Oosiii 

6f 

Y* 

.53312 
.53337 
.53361 
.53386 
.58411 
.53435 
.53460 
.53481 


.53607 


.53877 


.53951 
.53975 


.54244 
,54269 


.84167 
.81151 
.84135 
.84120 
.84104 
.84088 
.84072 
.84057 
.&4041 
.&4025 

.84009 
.a3994 
.83978! 


.54317 
.54^12 
.54366 
.54391:. 83915 


88» 


Sine  Cosin 

.54464L83867 
.54488  .83851 
.51513  .83835 
.51537  .83819 
.54561  .83804 
.54586 1. 83788 
.54610  .83772 
.51635  .83756 
.54659  .83740 
.54683  .83724 
.54706  .83708 

.54782 
.54756 
.54781 
.54805 
.54829 
.54854 
.54878 
.54902 
.54927 
.64951 

.54975 
.54999 
.55021 
.55048 
.55072 
.55097 
.55121 
.55145 
.55169 
.55194 


,83676 
.83660 
.83645 
.83629 
.83613 


.83581 
.83565 
.83519 


.65218 


.55291 
.55315 
.55339 
.55363 
.55388 
.55412 
.55436 

.55460 
.554&1 
.55509 
.55533 
.55557 
.55581 
.55605 
.55630 
.55654 
.55678 

.55702 
.55726 
.55750 
.55775 
.55799 
.5.5823 
.55847 
.55871 
.55895 
.55919 


.83517 
.83501 
.83485 


.83453 
.83437 
.83421 
.83405 


.83873 


.83340 
.83321 
.a3808 


.83276 
.83260 


Cosin 


84* 


.83212' 
.831951 
.831791 
.83163 
.831471 
.83131 
.83115 

.mm\ 

.830821 
.83066. 

.83050l 
.83034' 
.83017. 
.83001 


Sine 


CoBin 


.66919 
.66943 
.55968 
.55992 
.56016 
.56040 
.56064 
.56088 
.56112 
.56136 
.56160 

.56184 


.56256 
.56280 
.56305 
.56329 
.56353 
.56377 
.56401 

.56425 
.66449 
.56473 
.56497 
.56521 
.56545 
.56569 
.56593 
.66617 
.56641 

.56665 


.56713 
.66736 
.56760 
.56784 
.56808 


.56856 
.56880 

.56904 


.82909 
.82953 


^829Mj 
Sine 


56* 


.56976 
.57000 
.57024 
.57047 
.57071 
.57095 
.57119 

.67143 
.57167 
.57191 
.57215 
..57238 
.57262 
.57286 
.57310 
.57334 
.57358 


.82904 
.82887 
.82871 


.82790 
.82778 
.82757 
.82741 

.82724 
.82708 
.82692 
.82676 


00 


67 
60 

65 
64 
53 
63 
61 
60 

49 
48 
47 
46 
45 

82643  44 
.82626  43 
.82610;  42 
.82593  41 
.82677,40 

.82561  89 
.82544'  88 
.82528,87 
.82511  86 
.82495!  86 
.82478  84 
83 
82 
81 
80 

29 


.82446 
.82429 
.82413 


,82363  27 

,82347  26 

,82330  25 

.82314  24 

82297  23 

,82281  22 

82264  21 
,82248|20 

82231  10 

82214118 

82198 

,82181 

,82166 

82148 


17 
16 
15 
14 
13 
12 
,11 
82082  10 


82115 


.82066 
.82048' 
.82032, 
.82015 
.81999 
.81982 
.81965 
.81949 
.81932 
.81915 


Cosin  I  Sine  { 
55^   I 
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35» 

86«        1 

87-        1 

SS-        1 

890         1 

9 

60 

81  Qo   CoBin 

.6T3,W  ]h10]5 

Sine 
.58779 

Cosin 

.80902 

Sine 

.60182 

Cosin 

.79864 

Sine 
.61566 

Cosin 

Sine 

Cosin 

0 

.78801 

T^^ 

.77716 

1 

.67aSl  .HiHii9 

.68802 

.808851 

.60205 

.79646 

.61589 

.78788 

.62955 

.77896 

59 

2 

.67405  ^H^^■^2 

.58826 

.80867 

.60228 

.79829 

.61612 

.78766 

.62977 

.V7678 

58 

8 

.57^20  ■.8L't^.5 

.58849 

.808501 

.60251 

.79811 

.61635 

.78747 

.63000 

.77660 

57 

4 

.57453  |.H1M8 

.58873 

.808331 

.60274 

.79793 

.61658 

.78729 

.68022 

.77641 

56 

5 

.67477,.  H[?a;^2 

.58896 

.80816 

.60298 

.79776 

.61681 

.78711 

.68045 

.77628 

55 

6 

.57jt)l  .MI>]5 

.58920 

.80799 

.60321 

.79758 

.61704 

.78694 

.63068 

.77605 

54 

7 

.5T5iJ4  .m^'M 

.58943 

.80782 

.60344 

.79741 

.61726 

.78676 

.63090 

.77586 

53 

8 

.57&«  M>Z 

.58967 

.80765 

.60367 

.79723 

.61749 

.78658 

.63113 

.77668 

52 

9 

.5757a  .Hi;  1^5 

.58990 

.80748 

.60390 

.79706 

.61772 

.78640 

.63135 

.77550 

51 

10 

.6t:j'ji:..j^i:48 

.59014 

.80730 

.60414 

.79688 

.61795 

.78622 

.68158 

.77581 

60 

11 

.67f.^r''.Ht7rH 

.59037 

.80713 

.60437 

.79671 

.61818 

.78604 

.68180 

.77513 

40 

12 

.67'VirJ  .K17U 

.59061 

.80696 

.60460 

.79653 

.61841 

.78686 

.68203 

.77494 

48 

13 

.57f;';7  >i'i:i.s 

.59084 

.806'<'9 

.60483 

.79635 

.01864 

.78668 

.68225  i. 77476 

47 

14 

.5Vrv;ij  .^\i>\{ 

.59108 

.80662 

.60506 

.79618 

.61887 

.78650 

.68248  .77458 

46 

15 

.577 r?  .y\^\*\i 

.59131 

.80644 

.60529 

.79600 

.61909 

.78632 

.68271 1.77489 

45 

16 

.577;is  .><ir;sr 

.59154 

.80627 

.60653 

.79583 

.61982 

.786141 

.68893  .77421 

44 

17 

.577<;i;  .KhKll 

.59178 

.80610 

.60576 

.79565 

.61965 

.78496 

.63816  .77402 

43 

18 

.577S?^     i^lrlJt 

.59201 

.80593 

.60599 

.79547 

.61978 

.78478 

.68888  .77884 

42 

19 

.67H3U  .K|:,  ^7 

.59225 

.80576 

.60622 

.79530 

.62001 

.78460 

.688611.77366 

41 

SO 

.67H^^J  .-TilO^O 

.69248 

.80558 

.60645 

.79612 

.62024 

.78442 

.68888 

.77847 

40 

21 

.67H^.r'.^|.Vi3 

.59272 

.80641 ' 

.60668 

.79494  ' .62046 

.78424 

.68406 

.77829 

89 

22 

.57HM   .H.M*| 

.59295 

.80524 

.60691 

.79477 

i  .62069 

.78405 

.68428 

.77810 

88 

23 

.6-,,.:      M-..:) 

.59318 

.80507 

.60714 

.79459 

,.62092 

.78887, 

.68451 

.77892 

87 

24 

.5'                  3 

.59342 

.80489 

.60'/38 

.79441 

.62115 

.78869 

.68473 

.77878 

36 

26 

.6'                  5 

.59365 

.80472 

.60761 

.79424 

.62138 

.788611 

.68496 

.77266 

85 

26 

.5'..-.  .     ■.\-.^ 

.59389 

.80455 

.60784 

.79406 

1 .62160 

.78883 

.68618 

.77886 

84 

27 

.JS'iV'.yj   .M  4^^'3 

.59412 

.80438 

.60607 

.79388 

.62183 

.78816 

.68640 

.77218 

33 

28 

.SHu'ja  ,M.j45 

.59436 

.80420 

.60630 

.79871 

.62206 

.78297 

.68668 

.77199 

82 

29 

.5HiM7   ..^H:.S 

.59459 

.80403 

60653 

.79353 

.62229 

.78279 

.63686 

.77181 

81 

80 

.6HjT^J  .biU.3 

.59482 

.80386 

.60876 

.79335 

.62251 

.78261 

.68606 

.77168 

80 

81 

.6S0^n'.-8]n':>3 

.59606 

.80368 

.60699 

.79818 

.62274 

.78243 

.68680 

.77144 

29 

82 

.6H]|H  ..^j:j;s 

.59529 

.80351 

.60923 

.79800 

.62297 

.78226 

.68668 

.77125 

28 

38 

.6M^l    .Mli^ril 

.59552 

.80334 

.60945 

.79282 

.62320 

.78206 

.68676 

.TO07 

27 

84 

.68]h.>  .>.|;u4 

.59576 

.80316 

.60968 

.79264 

.62842 

.78188 

AIlflQR 

.77088 

26 

.OoOvo 

86 

.SHiH'.i  .m;-7 

.59599 

.80299 

.60991 

.79247 

.62865 

.78170 

.68720 

.77070 

25 

86 

.66^1;]:.^  .MM() 

.59622 

.80282 

.61015 

.79229 

1.62388 

.78152 

.63742 

.77051 

24 

87 

.61^^.S'>  ..-.|'j'i3 

.59646 

.80264 

.61038 

.79211 

1.62411 

.78134 

.68766 

.77088 

28 

88 

,th'Zu\i  .-.j-;^ 

.59669 

.80247 

.61061 

.79193 

i  .62433 

.78116' 

.68787 

.77014 

22 

89 

.6K\r^-^  .>^i-.-.^ 

.59693 

.80230 

.61084 

.79176  1.62456 

.78098, 

.68810 

.76096 

21 

40 

.6(S^ii7   ..-^^3iJ 

.69716 

.80212 

.61107 

.79158^ 

.62479 

.78079 1 

.68832 

.76077 

20 

41 

.6l^-n>  >i^'?5 

.69789 

.80195 

.61130 

. 79140 ' 

.62602 

.78061] 

.68864 

.76059 

19 

42 

.58;;.-. f  .-1JMS 

.59763 

.80178 

.61153 

.79122 

.62624 

.78043 

.68877 

.76040 

18 

43 

.58;;;^    Ml '.a 

.59786 

.80160! 

.61176 

.79105 

.62547 

.78025 

.68899 

.76921 

17 

44 

.58JM1  .Mi:i 

.59609 

.80143 

.61199 

.79087 

1.62570 

.78007 

.68922 

.76008 

16 

45 

.5jv(-'  .-]i.-,r 

.59632 

.80125' 

.61222 

.79069 

1.62592 

.77988 

.68944 

.76884 

15 

46 

.58^  T:'^  >:i  ]■) 

.59856 

.80108' 

.61245 

.79051 

1.62615 

.77970 

.68966 

.76866 

14 

47 

.SKi:-     .-:!'J3 

.59879 

.800911 

.61268 

.79033 

.62638 

.77952 

.68989 

.76847 

18 

48 

.5Hl''--.    -ni.^ 

.59902 

.80073, 

.61291 

.79016 

.62660 

.77934, 

.64011 

.76828 

12 

49 

.5f^;.i-i    ^M-.) 

.59926 

.80056, 

.61314 

.78998 

.62683 

.77916 

.64083 

.76810 

11 

60 

.58;-. J.^.  .-Hi]'} 

.59949 

.80038' 

.61337 

.78980 

.62706 

.77897. 

.64066 

.76791 

10 

fil 

.58.-/.:    -r. ■;-..) 

.59972 

.8002l| 

.61360 

.78962 

.62728 

.778791 

.64078 

.76778 

9 

62 

.58:.- ■    -:.o3: 

.59995 

.80003' 

.61383 

.78944 

.62751 

.77861 

.64100 

.76764 

8 

63 

.58-.;  I  .-.i.i'll 

.6M19 

.79986 

.61406 

.78926 

.62774 

.77843 

.64128  .76785 

7 

64 

.581'::     ■■•iMtl 

.60042 

.79968 

.61429 

.78906 

.62796 

.77824 

.  64145  i.7«'n7 

6 

66 

.51             r' 

.60065 

.79951 

.61461 

.78891 

.62819 

.77806 

.64167 

.76698 

5 

66 

.51                  3 

.60069 
.60il2 

.79934 

.61474 

.78873 

.62842 

.77788 

.64190 

.76679 

4 

67 

.a             3| 

.79916 

.61497 

.78865 

.62864 

.77769 

.64212 

.76661 

8 

68 

.5f-.'!      --I--?' 

.60135 

.79899 

.61520 

.78837 

.62887 

.77751 

.64284 

.76642 

2 

69|.5Hr...    -.■.|9 

.60158 

.79881 

.61543 

.78819 

.62909 

.77783 

.64256 

.76628 

1 

60  1 .51-.:.'.'    -^i^hi^j 

.60182 

.79864, 

.61566 
Cosin 

.78801 
Sine 

.62982 
Cosin 

.77715 

.64279 

.76604 

O 

9 

COiiiii ,  Siue 

Cosin   Sine  1 

Sine 

Ooflin 

Sine 

6V 

53»       1 

52*       1 

61*       1 

60- 
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W         1 

, 

Bine 

Cosin 

0 

.«279 

.76604 

1 

.esoi 

.76586 

2 

.64323 

.76567 

8 

.64316 

.76548 

4 

.61368 

.76530 

5 

.64390 

.76511 

6 

.64412 

.76492 

7 

.64435 

.76173 

8 

.64457 

.76455 

9 

.64479 

.76436 

10 

.64501 

.76417 

11 

.64624 

.76398 

12 

.64546 

.76380 

13 

.64568 

.76361 

14 

.64590 

.76312 

15 

.61612 

.76323 

16 

.64635 

.76301 

17 

.64657 

.76286 

18 

.64679 

.76267 

19 

.64701 

.76218 

90 

.64723 

.76229 

21 

.64746 

.78210' 

92 

.04768 

.76192 

28 

.64790 

.761731 

24 

.64812 

.76154 

95 

.64834 

.76135, 

28 

.64856 

.76116 

27 

.64878 

.76097i 

28 

.64901 

.76078 

29 

.64923 

.76059 

80 

.64945 

.76011 

81 

.64967 

.76022 

82 

.64969 

.76003 

83 

.65011 

.75964 

84 

.66033 

.75965; 

85 

.66056 

.75916 

80 

.66077 

.75927 

87 

.66100 

.75908 

88 

.66122 

.75889; 

89 

.66144 

.75870 

40 

.65166 

.75851 

41 

.66188 

.75832 

42 

.66210 

.75813 

43 

.66232 

.75791 

44 

.66254 

.75775' 

45 

.65276 

.75756 

46 

.66298 

.75738 

47 

.658^ 

.75719! 

48 

.65342 

.75700 

49 

.65361 

.75680, 

50 

.66386 

.75661 

51 

.66406 

.75642 

52 

.65430 

.75623 

53 

.66152 

.75601 

54 

.65474 

.75585 

55 

.65496 

.75566; 

56 

.65518 

.75547 

67 

.65540 

.755281 

58 

.66662 

.755091 

60 

.66684 

.75490 

410 

66606 

.75471 

/ 

O08in 

Sine' 

4 

^ 

41» 


Sine 


.65660 
.65672 
.65694 
.65716 
.65738 
.65759 
.65781 
.65803 
.658S5 


.65891 
.63913 


.63956 
.65978 
,66000 
.66022 
.66014 

,66066 


.66109 
66131 
66153 
66175 
66197 
66218 
66210 


66284 


66319 
66371 


66111 
66136 
66138 


.66501 
.66523 
.66513 


66610 


.66653 
.66675 
.66697 

.66718 
.66740 


Cosin 


.65847 


.66783 


.75471 
.75452 
.75433 
.75414 
.75895 
.75375 
.75356 
.75337 
.75318 
.75290 
.75260 

.75261 
.75211 
.75^2 
.75203 
.75184 
.75165 
.75146 
.75126 
.75107 
.75088 

.75060 
,73030 
,75030 
,75011 
71992 
71973 
74933 
71934 
74915 
74896 

74876 
74857; 
74838 
74818' 
74799, 
74780' 
74760 
74741 1 
74722 
74703 

746831 
746641 
74611 
71625' 
74606, 
74586 
745671 
74548; 
74528 
,74509 

.74489 i 
.74470 
.744511 
.744;M 
.74412 


.66848  .74373 
.66870  .74353 
.66891  .74334 
.669131.74314 


Cosin  Sine 
48^ 


42« 


_ghie 
.eH.Ld3 
.e^iu:]5 
M:CS 
.6';l^78 
.6iLrJ9 
.t:.>il 
.671  *i3 

.6:i:n;4 
.e:iK:{6 
.6^UJ7 

.67151 
.67172 

.6^  VA 

.6;'ii7 

.67e.18 

.6;j80 
.erm 

.6;-EJ3 

.6r;^44 

.67r^'i6 
.67:.^-7 
.671 119 
.6;i.0 
.67  3-2 
.67  [:3 
.6,  t>5 
.67.-.! 
.6'7-i:l; 
.67-j,:9 

.67-^^0 

.670.12 
.67;i3 
.67' H  5 

.67'ri;6 
.67':>S 

.677^9 
67  rO 

.6:7,2 
67;;  3 

.677!>5 
.67- J  6 
.67-7 
.67-:.9 
.67^^a 
.67:'!  il 
.6::j'.'3 
.67" 14 
.67'.h.5 
.67',i-7 

.6N"||)8 
.6^"J9 
.6^M.-.l 
.6^':  72 
.6^f:'3 
.6^.J5 
.6^ri6 
.6-.:. -.7 

.6-179 

^^•^ 


Cosin 
^74314 
.74295 
.74276 
.74256 
.74237 
.74217 
.74198 
.74178 
.74159 
.74139 
.74120 

.74100 
.74080 
74061 
74041 
74022 
.74002 
.73983 
.73963 
.73944 
.73924 

.73904 
.73885 
.73865 
.73846 
.73826 
.73806 
.73787 
.73767 
.73747 
.73728 

.78708 


78669 
73640 
73629 
78610 
73590 
73570 
73551 
73531 

78511 
73491 
73472 
73452 
73432 
73413 


73373 
73353 
73333 

.73314 

.78294 
.78274 


73234 
73215 
73195 
73175 
78155 
,73135 


Sine 


470 


43» 


Sine 


.68306 
.68327 
.68^49 
.68370 


.68412 

.68484 
.68465 
.68476 
.68497 
.68518 


.68561 


.68645 


.68709 
.68730 
.68751 
.68772 
.68793 
.68814 


.68857 
.68878 


,68941 


69067 
,69088 


69130 
69151 
691?2 


.60256 
.69277 


,69319 


.69424 
.69445 


Cosin 


Cosin 


.78185 
.78116 
.73096 
.73076 
.73056 
.73036 
.73016 
.72996 
.72976 
.72957 
.72987 

.72917 
.72897 
.72877 
.72857 
.72887 
.72817 
.72797 
.72777 
.72757 
.72787 

.72717 
.72697 
.726771 
.726571 
.72687 
.72617; 
.72597 
.72577 
.72557 
.72687 

.72517 
.72497 
.72477 
.72457 
.72437! 
.72417 
.72397 
.72877 
.72357 
.72837 

.72817 

.72297 
.72277 
.72257 


72216 
72196 
72176 
72166 
72136 

.72116 
72095 

.72075 
72055 

.72035 

.72015 
71995 

.719'?4 
71954 
71934 
Sine 


46» 


440 


^ine 
.6»46( 
.69487 
.69508 
.69529 
.69549 
.69570 
.69591 
.69612 
.69633 
.69654 
.69675 

.69696 
.69717 
.09737 
.69758 
.69779 
.69600 


.60688 
.69904 


.69987 
.70006 
.70029 
.70049 
.70070 
.70091 

.70112 
70182 
.70158 
.70174 
.70195 
.70215 
.70236 
.70257 
.70277 
.70298 

.70819 
.70389 
.70360 
.70381 
.70401 
.70422 
.70448 
.70463 
.70484 
.70505 

.70525  .70896] 
.70546  .70875 
.705671.70855 
.705871.70834! 
.70608 1. 708131 
.706281.70793' 
.706491.70772 
.70670 (.70752 
.70690  .70731 
.70711  .70711 


Cosin  I  Sine 
"45^ 
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SECANTS. 

# 

©«» 

!• 

2« 

80 

4» 

6<» 

eo 

0 

1.00000 

1.00015 

1.00061 

1.00187 

1.00244 

1.00382 

1.00551 

00 

1 

00000 

00016 

00062 

00189 

00246 

00385 

00554 

59 

2 

00000 

00016 

00063 

00140 

00248 

00887 

00557 

58 

S 

00000 

00017 

00064 

00142 

00250 

00390 

00560 

57 

4 

00000 

00017 

00066 

00148 

00262 

00392 

005^ 

56 

5 

oooco 

00018 

00066 

00145 

00254 

00395 

00566 

55 

6 

00000 

00018 

00067 

00147 

00257 

00397 

00569 

54 

7 

00000 

00019 

00068 

00148 

00259 

00400 

00573 

53 

8 

00000 

00020 

00069 

00160 

00261 

00403 

00576 

S2 

9 

.00000 

00020 

00070 

00151 

00263 

00405 

00579 

61 

10 

00000 

00021 

00072 

00163 

00265 

00406 

00582 

60 

11 

1.00001 

1.00021 

1.00078 

1.00155 

1.00867 

1.00411 

1.00586 

40 

12 

00001 

00022 

00074 

00156 

00269 

00418 

00683 

48 

13 

00001 

00023 

00075 

00158 

00271 

00416 

00592 

47 

14 

00001 

00023 

00076 

00159 

00274 

00419 

00695. 

46 

15 

00001 

00024 

0007? 

OOICI 

00276 

00421 

00598 

45 

16 

00001 

00024 

00078 

00168 

00278 

00424 

00601 

44 

17 

00001 

00025 

00079 

00164 

00280 

00427 

00604 

43 

18 

00001 

00026 

00081 

00166 

00282 

00429 

00608 

49 

19 

00002 

00026 

00082 

00168 

00284 

00432 

00611 

41 

80 

00002 

00027 

00088 

00169 

00287 

00435 

00614 

40 

21 

1.00002 

1.00028 

1.00084 

1.00171 

1.00289 

1.00438 

1.00617 

39 

22 

00002 

00028 

00086 

00173 

00291 

00440 

00621 

38 

23 

00002 

00029 

00087 

00176 

00298 

00443 

00624 

37 

24 

00002 

00030 

00088 

00176 

00296 

00446 

00627 

86 

25 

00003 

00031 

00089 

00178 

00298 

00449 

00630 

35 

26 

00003 

00031 

00090 

00180 

00300 

00451 

00634 

84 

27 

00003 

00032 

00091 

00182 

00302 

00454 

00637 

3-^ 

28 

00003 

0(Nn» 

00093 

00183 

00305 

00457 

00640 

3-^ 

29 

00004 

00084 

00094 

00185 

00307 

00460 

00644 

31 

30 

00004 

00034 

00095 

00187 

00309 

00463 

00647 

80 

31 

1.00004 

1.00085 

1.00097 

1.00189 

1.00312 

1.00465 

1.00650 

29 

Si 

00004 

00036 

00098 

00190 

00814 

00468 

00654 

28 

33 

00005 

00087 

00099 

00192 

00316 

00471 

00657 

27 

84 

00006 

00037 

00100 

00194 

00318 

00474 

00660 

26 

35 

00005 

00088 

00102 

00196 

00321 

00477 

00664 

25 

86 

00005 

00039 

00103 

00198 

00323 

00480 

00667 

24 

37 

00006 

00040 

00104 

00200 

00326 

00482 

00671 

23 

88 

00006 

00041 

00106 

00201 

00328 

00485 

00674 

22 

39 

00006 

00041 

00107 

00203 

00330 

00488 

006V7 

21 

40 

00007 

00042 

00108 

00205 

00333 

00491 

00681 

20 

41 

1.00007 

1.00043 

1.00110 

1.002O7 

1.00335 

1.00494 

1.00684 

19 

42 

00007 

00044 

OOlll 

00209 

00337 

00497 

00688 

18 

43 

00008 

00045 

00118 

00211 

00340 

00500 

00691 

17 

44 

00008 

00046 

00114 

00213 

00342 

00503 

00695 

16 

45 

00009 

00047 

00116 

00215 

00345 

00506 

00698 

15 

46 

00009 

00048 

00117 

00216 

00347 

00509 

007O1 

14 

47 

00009 

00048 

00118 

00218 

00850 

00512 

00705 

18 

48 

00010 

00049 

00120 

0('352 

00515 

00708 

12 

49 

00010 

00060 

00121 

00222 

00854 

00518 

oon2 

11 

50 

00011 

00051 

00122 

00224 

00357 

00521 

00715 

10 

51 

1.00011 

1.00052 

1.00124 

1.00226 

1.00359 

1.00524 

1.00719 

9 

52 

00011 

00058 

00125 

00228 

00362 

00527 

00722 

8 

58 

00012 

00064 

00127 

00230 

00364 

00530 

00726 

7 

54 

00012 

00055 

00128 

00232 

00367 

00533 

00730 

6 

55 

00013 

00056 

00130 

00234 

00369 

00536 

00733 

6 

56 

00013 

00057 

00131 

00236 

00372 

00539 

00737 

4 

57 

00014 

00058 

00133 

00288 

00374 

00542 

00740 

8 

58 

00014 

00059 

00134 

00240 

00377 

00545 

00744 

2 

59 

00016 

00060 

00186 

00242 

00879 

00548 

00747 

1 

_60_ 

00016 

00061 

00137 

00244 

00382 

00551 

00751 

0 

i 

89* 

88« 

87« 

86«» 

86« 

840 

8S« 

/ 

COSECANTS. 

dbyGOC-' 


XI. -NATURAL  SECANTS 

AND 

COSECANTS. 

38J 

9 

SECANTS. 

/ 

70 

$• 

9» 

100 

ll' 

12« 

18<» 

0 

1.00751 

1.00983 

1.01247 

1.01543 

i. 01872 

1.02234 

1.02680 

60 

1 

00755 

00987 

01251 

01548 

01877 

02240 

02687 

60 

2 

00758 

00991 

01256 

01553 

01883 

02247 

02644 

58 

8 

00762 

00995 

01261 

01558 

01889 

02253 

08651 

57 

4 

00765 

00999 

01266 

01564 

01895 

02259 

02658 

56 

6 

00769 

01004 

01270 
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1  . 
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XL— NATURAL  SECANTS  AND  COSECANTS. 
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XI.— NATURAL  SECANTS 

AND  COSECANTS. 
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48 

.07378 
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7.84242 
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0  .14064 

7.11587 

.15838 

6.81875 
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5.67128 

.19438 

6.14466 

60 

1    .14064 

7.10088 

.16868 

6.80180 

.17663 

5.66166 

.19468 
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60 
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.16898 

6.29007 

.17683 

6.66205 

.19498 
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68 

8   .14148 

7.07059 
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.177a8 

6.64248 
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6.12069 

67 

4  .14178 

7.06579 

.15958 

6.26666 

.17753 

6.68295 
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6.11279 

66 

6  .14S(» 
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.15988 

6.25486 

.17788 

6.62344 
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55 

6  .14S82 

7.02697 

.16017 

6.24821 

.17818 

6.61897 
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64 
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6.23160 

.17843 
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63 
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.16077 
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62 

9  .14321 

6.96268 
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.17903 
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51 

10  .14351 

6.96828 

.16187 

6.19706 

.17938 

5.57638 

.19740 

5.06584  r^l 

11   .14381 

6.96886 

.16167 

6.18660 

.17968 

5.66706 

.197TO 

6.06809 

49 

12  .14410 

6.93952 

.16196 

6.17419 

.17993 

5.66777 

.19801 

6.06087 

48 

18   .14440 

6.92525 

.16226 

6.16283 

.18023 

6.64861 

.19831 

6.04267 

47 

14   .14470 

6.91104 

.16256 

6.15161 

.18053 

6.58927 

.19861 

6.08499 

46 

15   .144W 

6.89688 

.16286 

6.14028 

.18083 

6.53007 

.19891 

5.02784 

45 
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6.88278 
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6.12899 

.18113 

5.62090 

.19921 

6.01971 

44 

17  .14559 

6.86874 

.16346 

6.11779 

.18143 

6.61176 

.19952 

6.01210 

48 

18  .14588 

6.85475 

.16376 

6.10664 

.18173 

6.50264 
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42 

19  .14618 

6.84088 

.16405 

6.09552 

.18203 

6.49356 

.20012 

4.09695 

41 

20  .14648 

6.82694 

.16435 

6.06444 

.18283 

6.48451 

.20042 

4.96940 

40 

S  '^^^ 

6.81812 

.16465 

6.07340 

.18263 

5.47548 

.20078 

4.96186 

89 

S  .14707 

6.79936 

.16495 

6.06240 

.18293 

6.46648 

.20103 

4.97438 

38 

28  .14787 

6.78564 

.16625 

6.05143 

.18323 

5.45751 

.20183 

4.96690 

37 

«  .14767 

6.77199 

.16566 

6.04051 

.18358 

5.44857 

.20164 

4.96945 

36 

25  .14796 

6.75838 

.16685 

6.02962 

.18384 

6.43966 

.20194 

4.95201 

35 

»  .14826 

6.74483 

.16615 

6.01878 

.18414 

6.43077 

.20284 

4.94460 

34 

S  .14856 

6.73138 

.16645 

6.00797 

.18444 

5.42192 

.20254 

4.93721 

33 

a  .14886 

6.71789 

.16674 

6.99720 

.18474 

6.41309 

.20285 

4.92984 

d2 

»  .14915 

6.70450 

.16704 

5.98646 

.18504 

5.40129 

.20315 
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31 

80  .14945 

6.69116 

.16734 

5.97576 

.18534 

5.89662 

.20346 

4.91516 

30 

81   .14975 

6.67787 

.16764 

5.96510 

.18664 

6.38677 

.20676 

4.90786 

29 

5  .16005 

6.66468 

.16794 

5.95448 

.18594 

6.87805 

.20406 

4.90066 

26 

38  .15034 

6.65144 

.16824 

5.94390 

.18624 

5.36936 

.20436 

4.89330 

27 

84  .16064 

6.63831 

.16854 

5.93335 

.18664 

5.36070 

.20466 

4.88605 

26 

5  .16094 

6.62523 

.16884 

6.92283 

.18684 

5.35206 
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4.87882 

25 

5  .15194 
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.16914 

5.91286 
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5.84845 
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24 
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.18745 

5.33487 
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4.86444 

23 
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6.82631 
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22 
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6.88114 

.18805 

5.81778 
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4.85013 

21 

40  .15248 

6.66066 

.17083 
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.18886 

5.80928 

.20648 

4.84300 

20 

5  .1K78 

6.64777 

.17063 

5.86051 

.18865 

6.80060 

.90679 

4-.83600 

19 

«  .15802 

6.53603 

.17093 

5.86024 

.18895 

6.29235 

.90709 

4.82882 

18 

«  .16832 

6.52234 

.17128 

5.840ei 

.18925 

5.28893 

.20739 

4.82175 

17 

44   .15862 

6.50970 

.17163 

5.82982 

.18955 

5.27563 

.20770 

4.81471 

16 

46  .15391 

6.49n0 

.17183 

5.81966 

.18986 

5.26715 

.20800 

4.80769 

15 

48   .15421 

6.48456 

.17218 

5.80963 

.19016 

5.25880 

.20630 

4.80068 

14 

47   .15451 

6.47206 

.17243 

5.70944 

.19046 

6.25048 

.20861 

4.79370 

IS 

48   .15481 

6.45961 

.17273 

5.78988 

.19076 

6.24218 

.20891 

4.78673 

12 

S   .15511 

6.44720 

.17803 

5.77986 

.19106 

6.23891 

.20921 

4.rr978 

11 

W  .16640 

6.43484 

.17388 

5.769W 

.19136 

5.22566 

.20952 

4.77286 

10 

51    .15670 
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.17863 

6.75941 

.19166 

5.21744 
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4.78695 

9 
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.17893 

5.74949 
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5.20925 

.21013 

4.75906 

8 

a   .15630 

6.89804 

.17*83 

5.73960 

.19227 

6.20107 

.21043 

4.76219 

7 

H   .15660 

6.38687 

.17453 

5.72974 

.19257 

5.19293 

.21073 

4.74534 

6 

S   .15689 

6.87874 

.17483 

5.71992 

.19287 

5.18480 

.21104 

4.73851 

5 

»   .15719 

6.36166 

.17618 

5.71018 

.19317 

6.17671 

.21134 

4.73170 

4 

57   .15749 

6.84961 

.17643 

5.70037 

.19347 

6.16863 

.21164 

4.72490 

8 

58   .15779 

6.88761 

.17573 

5.69064 

.19378 

6.16058 

.21195 

4.71813 

2 
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6.82566 

.17608 

5.68094 

.19408 

5.16256 

.21225 

4.71137 
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4.70463 

,  Cotang 

Tang 

Ck>tang 

Tang 

Cotang 

Tang 

Cotang     Tang    | 

8 

V 

.         S^ 

0-           1 

71 

9» 

71 

JO              1 

398 


TABLE  XU.-TANaENTS  AND  COTANGENTS. 


-0 

WO             1 

IS-           1 

W            1 

15»           1 

Tangr 

Cotang 

Tang 

.23087 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

/ 

.21266 

4.70463 

4.33148 

.24988 
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.21286 

4.69791 

.23117 

4.82573 

.24964 

4.00582 

.26826 

8.7»7n 

50 

2 

.21316 

4.69121 

.23148 

4.32001 

.24995 

4.00086 

.26867 

8.72838 

56 

3 

.21347 

4.68452 

.23179 

4.31430 

.25026 

3.99592 

.26888 

8.71907 

67 

4 

.21377 

4.67786 

.23209 

4.30860 

.26056 

8.99099 

.26920 

8.71476 

66 

6 

.21406 

4.67121 

.23240 

4.30291 

.25087 

8.96607 

.26961 

8.71046 

65 

6 

.21438 

4.66458 

.23271 

4.29724 

.25118 

8.98117 

.26962 

8.70616 

54 

7 

.21469 

4.65797 

.23301 

4.29159 

.25149 

8.97627 

.27018 

3.7D168 

68 

8 

.21499 

4.65138 

.23332 

4.28595 

.25180 

8.97139 

.27044 

3.09761 

62 

9 

,  .215£9 

4.64480 

.23363 

4.28032 

.25211 

8.96661 

.27076 

8.69885 

51 

10 

.21560 

4.63825 

.23393 

4.27471 

.25242 

8.96165 

.2no7 

8.68909 

50 

11 

.21690 

4.63171 

.23424 

4.26911 

.25278 

3.96660 

.27188 

3.66485 

49 

12 

.21621 

4.62518 

.23455 

4.26362 

.25304 

8.96196 

.27169 

3.68061 

48 

18 

.21651 

4.61868 

.23485 

4.26796 

.25335 

3.94718 

.27201 

3.67688 

47 

14 

.21682 

4.61219 

.23516 

4.26239 

.25366 

8.94282 

.27282 

3.67217 

46 

15 

.21712 

4.60572 

.23547 

4.24685 

.25397 

3.93751 

.27268 

3.66796 

45 

16 

.21743 

4.59927 

.23578 

4.24182 

.26428 

3.93271 

.27294 

8.66876 

44 

17 

.21773 

4.59283 

.23608 

4.23580 

.25459 

8.92793 

.27826 

8.65967 

43 

18 

.21804 

4.58641 

.23639 

4.23030 

.25490 

8.92316 

.27857 

8.66538 

42 

19 

.21834 

4.58001 

.23670 

4.22481 

.25521 

3.91839 

.27388 

3.65121 

41 

30 

.21864 

4.57363 

.23700 

4.21938 

.26562 

8.91864 

.27419 

8.64705 

40 

21 

.21895 

4.66726 

.23731 

4.21387 

.25688 

3.90690 

.27451 

3.64269 

39 

22 

.21925 

4.56091 

.23762 

4.20842 

.25614 

3.90417 

.27482 

8.68674 

88 

23 

.21956 

4.55458 

.23793 

4.20298 

.25646 

3.89945 

.27518 

3.68461 

37 

24 

.21986 

4.54826 

.23823 

4.19756 

.25676 

3.89474 

.27545 

3.68048 

86 

25 

.22017 

4.54196 

.23854 

4.19215 

.25707 

3.89004 

.27576 

8.62686 

35 

26 

.22047 

4.53568 

.23885 

4.18675 

.25738 

3.88586 

.27607 

8.02224 

34 

27 

.22078 

4.52941 

.23916 

.4.18137 

.25769 

3.88068 

.27638 

8.61814 

33 

28 

.22108 

4.52316 

.23946 

4.17600 

.25800 

3.87601 

.27670 

8.61405 

32 

29 

..22139 

4.51698 

.23977 

4.17064 

.25831 

3.87136 

.27701 

3.60996 

31 

30 

.22169 

4.51071 

.24008 

4.16530 

.25862 

3.86671 

.27732 

860688 

30 

31 

.22200 

4.50451 

.24039 

4.15997 

.25898 

3.86206 

.27764 

8.60181 

29 

32 

.22231 

4.49832 

.24069 

4.15466 

.25924 

3.85745 

.27795 

3.59775 

"28 

33 

.22261 

4.49215 

.24100 

4.14984 

.25956 

3.86284 

.27826 

3.69370 

27 

34 

.22292 

4.48600 

.24131 

4.14406 

.25966 

3.84824 

.27858 

8.56966. 

26 

35 

.22322 

4.47986 

.24162 

4.13877 

.26017 

3.84364 

.27889 

3.56662 

25 

36 

.22353 

4.47374 
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.48963 

2.04276 

.61136 

1.96657 

66 

6 

.44732 

2.23553 

.46843 

2.13477 

.48969 

2.04126 

.61173 

1.96417 

64 

7 

.44767 

2.23378 

.46879 

2.13316 

.49026 

2.08976 

.61209 

1.95277 

68 

8 

.44802 

2.23204 

.46914 

2.13164 

.49063 

2.03825 

.61246 

1.96137 

52 

9 

.44837 

2.23030 

.46950 

2.12993 

.49098 

2.08675 

.61288 

1.94997 

61 

10 

.44872 

2.22857 

.46965 

2.12883 

.49134 

2.08626 

.61319 

1.94868 

50 

n 

.44907 

2.22683 

.47021 

2.12671 

.49170 

2.06876 

.61356 

1.94718 

49 

12 

.44942 

2.22510 

.47056 

2.12511 

.49206 

2.08827 

.61398 

1.94679 

48 

13 

.44977 

2.22337 

.47092 

2.12360 

.49242 

2.03078 

.61480 

1.94440 

47 

u 

.45012 

2.22164 

.47128 

2.12190 

.49278 

2.02929 

.61467 

1.94801 

46 

15 

.45047 

2.21992 

.47163 

2.12080 

.49315 

2.02780 

.61503 

1.94162 

46 

16 

.45062 

2.21819 

.47199 

2.11871 

.49851 

2.02631 

.61540 

1.94028 

44 

17 

.45117 

2.21647 

.47234 

2.11711 

.49387 

2.02483 

.61577 

1.93886 

48 

18 

.45152 

2.21475 

.47270 

2.11562 

.4W23 

2.02385 

.61614 

1.98746 

43 

19 

.45187 

2.21304 

.47305 

2.11392 

.49459 

2.02187 

.61651 

1.93606 

41 

20 

.45222 

2.21132 

.47341 

2.11283 

.49495 

2.02089 

.61688 

1.98470 

40 

21 

.45267 

2.20961 

.47377 

2.11075 

.49533 

2.01891 

.61724 

1.93333 

89 

22 

.45292 

2.20790 

.47412 

2.10916 

.49568 

2.01743 
2.0i596 

.61761 

1.93195 

88 

23 

.45827 

2.20619 

.47448 

2.10768 

.49604 

.61798 

1.93067 

87 

24 

.45362 

2.20449 

.47483 

2.10600 

.49640 

2.01449 

.61835 

1.92920 

36 

85 

.45397 

2.20278 

.47519 

2.10442 

.49677 

2.01302 

.61872 

35 

26 

.45432 

2.20108 

.47565 

2.10284 

.49713 

2.01156 

.61909 

1.92646 

84 

2r 

.45467 

2.19988 

.47690 

2.10126 

.49749 

2.01008 

.61946 

1.92606 

88 

SB 

.45502 

2.19769 

.47626 

2.09969 

.49786 

2.00662 

.61988 

1.92871 

82 

29 

.45588 

2.19599 

.47662 

2.09811 

.49822 

2.00716 

.62020 

1.92286 

81 

30 

.45678 

2.19430 

.47698 

2.09664 

.49858 

2.00569 

.62057 

1.92096 

ao 

81 

.45608 

2.19261 

.47733 

2.09498 

.49894 

2.00423 

.62094 

1.91963 

29 

82 

.45648 

2.19092 

.47769 

2.09341 

.49931 

2.00277 

.62131 

1.91826 

28 

83 

.45678 

2.18928 

.47805 

2.09184 

.49967 

2.00181 

.62168 

1.91690 

27 

84 

.45713 

2.18755 

.47840 

2.09028 

.50004 

1.99986 

.62205 

1.91664 

26 

85 

.45748 

2.18587 

.47876 

2.06872 

.50040 

1.99841 

.52242 

1.91418 

26 

86 

.45784 

2.18419 

.47912 

2.08716 

.50076 

1.99695 

.52279 

1.91282 

24 

87 

.45819 

2.18251 

.47948 

2.08560 

.60113 

1.99550 

.62316 

1.91147 

28 

88 

.45864 

2.18084 

.47984 

2.08405 

.50149 

1.99406 

.62353 

1.91012 

23 

89 

.45889 

2.17916 

.48019 

2.08250 

.60185 

1.99261 

.52890 

1.90676 

21 

40 

.4Bm 

2.17749 

.48055 

2.08094 

.50222 

1.99116 

.62427 

1.90741 

20 

41 

.45960 

2.17583 

.48091 

2.07989 

.60268 

1.98972 

.62464 

1.90607 

19 

42 

.45995 

2.17416 

.48127 

2.07785 

.50295 

1.98828 

.62501 

1.90473 

18 

«   .46080 

2.17249 

.48163 

2.07680 

.50331 

1.98684 

.62538 

1.90387 

17 

*4|  .46065 

2.17063 

.48198 

2.07476 

.50368 

1.98540 

.62575 

1.90208 

16 

S 

.46101 

2.16917 

.48234 

2.07321 

.504(4 

1.98396 

.62613 

1.90069 

15 

46 

.46186 

2.16751 

.48270 

2.07167 

.50441 

1.98253 

.62650 

1.89935 

14 

47 

.46171 

2.16585 

.48306 

2.07014 

.50477 

1.98110 

.62687 

1.89801 

18 

48 

.46206 

2.16420 

.48342 

2.06860 

.50514 

1.97966 

.52724 

1.89667 

13 

«:  .46242 

2.16255 

.48378 

2.06706 

.50560 

1.97823 

.52761 

J. 89638 

11 

SO 

.46277 

2.16090 

.48414 

2.06563 

.60587 

1.97681 

.62798 

1.89400 

10 

61 

.46312 

2.15925 

.48450 

2.06400 

.50628 

1.97538 

.52886 

1.89266 

9 

52 

.46348 

2.15760 

.48486 

2.06247 

.60660 

1.97395 

.52873 

1.89138 

8 

58 

.46388 

2.15596 

.48521 

2.06094 

.60696 

1.97253 

.52910 

1.89000 

7 

54 

.46418 

2.15432 

.48557 

2.05942 

.60733 

1.97111 

.52947 

1.88867 

6 

56 

.46454 

2.15268 

.48593 

2.05790 

.50769 

1.96969 

.62985 

1.88734 

5 

56 

.46489 

2.15104 

.48629 

2.05637 

.50606 

1.96827 

.53022 

1.88602 

4 

g   .46625 

2.14940 

.48665 

2.05486 

.50843 

1.96685 

.63059 

1.88469 

8 

68 

.46660 

2.14777 

.48701 

2.05333 

.50679 

1.96544 

.68096 

1.88337 

3 

59 

.46695 

2.14614 

.48787 

2.05182 

.50916 

1.96402 

.68184 

1.88206 

1 

80 

1 

.46681 

2.14461 

.48773     2.05030 

'   .50953 

1.96261 

.68171 

1.88073 

/ 
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Tang 
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Cotang 

Tang 
.57735 

Cotang 

Tang 
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.63171 

1.88078 

1.80405 

1.73205 

.60066 

1.66428 

1 

.63208 

1.87941 

.55469 

1.80281 

.57774 

1.73089 

.60126 

1.66318 

69 

2 

.63246 

1.87809 

.55507 

1.80158 

.57813 

1.72973 

.60165 

1.60209 

68 

8 

.63283 

1.87677 

.55545 

1.80064 

.57851 

1.72857 

.60205 

1.66099 

57 

4 

.63320 

1.87546 

.56583 

1.79911 

.57890 

1.72741 

.60245 

1.65990 

66 

6 

.53358 

1.87415 

.55621 

1.79788 

.57929 

1.72625 

.60284 

1.65881 

56 

6 

.53396 

1.87283 

.55659 

1.79665 

.57968 

1.72509 

.60824 

1.65772 

64 

7 

.53432 

1.87152 

.55697 

1.79542 

.58007 

1.72393 

.60864 

1.66668 

53 

8 

.53470 

1.87021 

.56736 

1.79419 

.58046 

1.72278 

.60403 

1.65664 

52 

9 

.53507 

1.86891 

.56774 

1.79296 

.58086 

1.72163 

.60443 

1.65445 

51 

10 

.53545 

1.86760 

.55812 

1.79174 

.58124 

1.72047 

.60483 

1.66387 

50 

11 

.53582 

1.86680 

.55850 

1.79051 

.58162 

1.71932 

.60522 

1.66228 

49 

12 

.58620 

1.86499 

.55888 

1.78929 

.58201 

1.71817 

.60562 

1.65120 

48 

18 

.53657 

1.86369 

.55926 

1.78807 

.68240 

1.71702 

.60602 

1.65011 

47 

14 

.53694 

1.86289 

.55964 

1.78685 

.58279 

1.71588 

.60642 

1.64908 

46 

15 

.53732 

1.86109 

.56003 

1.78563 

.58318 

1.71473 

.60681 

1.64795 

45 

16 

.63769 

1.85979 

.56041 

1.78441 

.58357 

1.71358 

.60721 

1.64687 

44 

17 

.58807 

1.85850 

.56079 

1.78319 

.58896 

1.71244 

.60761 

1.64679 

48 

18 

.53844 

1.85720 

.56117 

1.78198 

.58435 

1.71129 

.60801 

1.64471 

42 

19 

.58882 

1.85591 

.56156 

1.78077 

.58474 

1.71015 

.60841 

1.64368 

41 

SO 

.53920 

1.85462 

.56194 

1.77955 

.58513 

1.70901 

.60881 

1.64266 

40 

21 

.53957 

1.85383 

.56232 

1.77834 

.58552 

1.70787 

.60921 

1.64148 

89 

22 

.53995 

1.85204 

.56270 

1.77713 

.58591 

1.70673 

.60960 

1.64041 

88 

23 

.64032 

1.86075 

.56309 

1.77592 

.58631 

1.70560 

.61000 

1.68984 

37 

24 

.64070 

1.84946 

.56347 

1.77471 

.58670 

1.70446 

.61040 

1.68826 

86 

25 

.64ior 

1.84818 

.56385 

1.77351 

.58709 

1.70332 

.61060 

1.68719 

85 

26 

.64145 

1.84689 

.56424 

1.77230 

i   .58748 

1.70219 

.61120 

1.63612 

84 

27 

.64183 

1.84561 

.56462 

1.77110 

!   .58787 

1.70106 

.61160 

1.68605 

88 

28 

.64220 

1.84488 

.56501 

1.76990 

.58826 

1.69992 

.61200 

1.68808 

82 

29 

.64268 

1.84306 

.56539 

1.76869 

.58865 

1.69879 

.61240 

1.68292 

81 

80 

.54296 

1.84177 

.56577 

1.76749 

.58906 

1.69766 

.61280 

1.63186 

80 

81 

.54383 

1.84049 

.56616 

1.76629 

.58944 

1.69663 

.61820 

1.68079 

29 

82 

.64371 

1.83922 

.56654 

1.76510 

.58983 

1.69541 

.61860 

1.62972 

26 

88 

.54409 

1.83794 

.56693 

1.76890 

.59022 

1.69428 

.61400 

1.62866 

27 

84 

.64446 

1.83667 

.56731 

1.76271 

'   .59061 

1.69316 

.61440 

1.62760 

26 

86 

.54484 

1.83540 

.56769 

1.76151 

.59101 

1.69203 

.61480 

1.62664 

26 

86 

.54522 

1.83413 

.56808 

1.76082 

.59140 

1.69091 

.61520 

1.62548 

24 

87 

.54560 

1.83286 

.56846 

1.75913 

.59179 

1.68979 

.61561 

1.62442 

28 

88 

.54597 

1.83159 

.56886 

1.75794 

.59218 

1.68866 

.61601 

1.62386 

28 

89 

.54635 

1.83033 

.56923 

1.75675 

'   .59258 

1.68754 

.61641 

1.62280 

21 

40 

.54673 

1.82906 

.56962 

1.75556 

.59297 

1.68643 

.61681 

1.62126 

20 

41 

.64711 

1.82780 

.57000 

1.75487 

.59336 

1.68531 

.61721 

1.62019 

19 

42 

.64748 

1.82654 

.57039 

1.75319 

.59376 

1.68419 

.61761 

1.61914 

18 

48 

.54786 

1.82528 

.57078 

1.75200 

.59415 

1.68306 

.61801 

1.61808 

17 

44 

.54824 

1.82402 

.57116 

1.75082 

.59454 

1.68196 

.61842 

1.61708 

16 

46 

.54862 

1.82276 

.67155 

1.74964 

.59494 

1.68085 

.61882 

1.61598 

15 

46 

.54900 

1.82150 

.57193 

1.74846 

.59533 

1.67974 

.61922 

1.61498 

14 

47 

.54938 

1.82025 

.67232 

1.74728 

.59573 

1.67863  . 

61962 

1.61888 

13 

48 

.64975 

1.81899 

.57271 

1.74610 

■  .59612 

1.67752  1 

.62003 

1.61283 

12 

49 

.55013 

1.81774 

.57809 

1.74492 

,   .59651 

1.67641 

.62043 

1.61179 

11 

60 

.55051 

1.81649 

.57348 

1.74875 

.59691 

1.67530 

.62063 

1.61074 

10 

61 

.65069 

1.81524 

.57386 

1.74267 

.59730 

1.67419 

.62124 

1.60970 

9 

62 

.56127 

1.81399 

.57425 

1.74140 

.59770 

1.67309 

.62164 

1.60666 

8 

68 

.65165 

1.81274 

.57464 

1.74022 

.59809 

1.67198 

.62204 

1.60781 

7 

64 

.56203 

1.81150 

.57503 

1.73905 

.59849 

1.67088 

.62245 

1.60657 

6 

66 

.66241 

1.81025 

.57541 

1.73788 

.59888 

1.66978 

.62285 

1.60668 

6 

66 

.56279 

1.80901 

.57580 

1.73671 

.59928 

1.66867 

.62325 

1.60449 

4 

67 

.66817 

1.80777 

.57619 

1.73555 

.59967 

1.66757 

.62366 

1.60846 

8 

68 

.55355 

1.80653 

.57657 

1.73488 

.60007 

1.66647 

.62406 

1.60241 

2 

69 

.55393 

1.80529 

.57696 

1.73321 

.60046 

1.66638 

.62446 

1.60187 

1 

60 

.56431 

1.80405 

.57735     1.73205 

.60086 
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Cotang 

Tang 

Cotang 

Tang 
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Cotang' 

Tang 

Cotang 

1.600R3 

.64941 

1.63986 

1.48266 

.70021 

1.42815   60 

1  .esser 

1.59930 

.64982 

1.53888 

.67493 

1.48163 

.70064 

1.42726    69 

2    .62068 

1.59826 

.66024 

1.68791 

.67536 

1.48070 

.70107 

1.42688   68 

8    .62606 

1.59723 

.65065 

1.63693 

.67578 

1.47977 

,70151 

1.42660    07 

4    .62649 

1.59630 

.66106 

1.53595 

.67620 

1.47885 

.70194 

1.42M2    S6 

5    .02689 

1.59517 

.65148 

1.53497 

.67663 

1.47792 

.70238 

1.42374    65 

6    .02730 

1.59414 

.65189 

1.53400 

.67705 

1.47699 

.70281 

1.42286   64 

7    .62770 

1.59311 

.66231 

1.53302 

.67748 

1.47607 

.70325 

142196   68 

8    .62611 

1.59208 

.66272 

1.53205 

.67790 

1.47514 

.70368 

1.42110    62 

0    .62862 

1.69105 

.65314 

1.53107 

.07832 

1.47422 

.70412 

1.42022    61 

10    .62892 

1.69002 

.66855 

1.63010 

.67875 

1.47330 

.70465 

1.41984    50 

11    .62933 

1.58900 

.66397 

1.62913 

.67917 

1.47238 

.70499 

1.41847    49 

Vt    .62973 

1.58797 

.66438 

1.52816 

.67960 

1.47146 

.70642 

1.41769    48 

18    .63014 

1.58695 

.65480 

1.62719 

.68002 

1.47053 

.70586 

1.41672    47 

14    .63065 

1.58593 

.65521 

1.62622 

.68045 

.68088 

1.46962 

.70629 

1.41684    46 

16    .63095 

1.58490 

.65563 

1  62525  1 

1.46870 

.70673 

1.41497    45 

16    .63136 

1.68888 

.66604 

1.62429 

.68180 

1.46778 

.70717 

1.41409    44 

17    .63177 

1.68286 

.65646 

1.62882 

.68173 

1.46686 

.70760 

1.41822    48 

16    .63217 

1.68184 

.65688 

1.62235 

.68215 

1.46695 

.70804 

1.41286    42 

19    .63258 

1.58083 

.65729 

1.52189 

.68258 

1.46503 

.70648 

1.41148   41 

20    .63299 

1.57981 

.65771 

1.62043 

.68301 

1.46411 

.70891 

1.41061    40 

21    .63340 

1.67879 

.66813 

1.51946 

.68343 

1.46320 

.70086 

1.40974   89 

22    .63380 

1.67778 

.66854 

i. 61850 

.68886 

1.46229 

.70979 

1.40887   86 

23    .63421 

1.57676 

.65896 

1.51754 

.68429 

1.46187 

.71028 

1.40800   m 

24    .63462 

1.67675 

.65988 

1.51658 

.68471 

1.46046 

.71066 

1.40714    86 

26    .63603 

1.67474 

.66980 

1.51562 

.68514 

1.45955 

.71110 

1.40627   85 

26    .68644 

1.67872 

.66021 

1.51466 

.68557 

1.45864 

.71164 

1.40540    84 

27    .63684 

1.672?1 

.66063 

1.51870 

.68600 

1.45778 

.71198 

1.40464    88 

2R    .63625 

1.67170 

.66105 

1.61276 

.68642 

1.45682 

.71242 

1.40867    82 

29    .63666 

1.57069 

.66147 

1.61179 

.68685 

1.45592 

.71285 

1.40281    81 

80    .63707 

1.66969 

.66189 

1.51084 

.68728 

1.45601 

.71829 

1.40196   80 

81    .68748 

1.66868 

.66230 

1.50988 

.68771 

1.46410 

.71873 

1.40109   20 

82    .68789 

1.66767 

.66272 

1.50893 

.68814 

1.45320 

.71417 

1.40022    28 

8S    .68830 

1.66667 

66314 

1.60797 

.68857 

1.45229 

.71461 

1.89986    27 

84    .68871 

1.66566 

.66356 

1.50702 

.68900 

1.46189 

.71506 

1.39660    96 

86    .68912 

1.66466 

.66398 
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1.01170 

90 

1 

.96625 

1.03493 

69 

21 

.97756 

1.02295 

39 

41 

.98901 

1.01112 

19 

8 

.96681 

1.03433 

58 

22 

.97813 

1.02236 

38 

42 

.98958 

1.01053 

18 

8 

.96738 

1.03372 

57 

23 

.97870 

1.02176 

37 

43 

.99016 

1.00994 

17 

4 

.96794 

1.03312 

56 

24 

.97927 

1.02117 

36 

44 

.99073 

1.00935 

16 

5 

.96850 

1.03252 

65 

25 

.97984 

1.02057 

35 

45 

.99131 

1.00876 

16 

6 

.96907 

1.03192 

64 

26 

.98041 

1.01998 

34 

46 

.99189 

1.00818 

14 

7 

.96963 

1.03132 

53 

27 

.98098 

1.01939 

33 

47 

.99247 

1.00759 

18 

8 

.97020 

1.03072 

52 

28 

.98155 

1.01879 

32 

48 

.99304 

i.ooroi 

12 

9 

.97076 

1.03012 

51 

29 

.98213 

1.01820 

31 

49 

.99362 

1.00642 

11 

.0 

.97133 

1.02952 

60 

30 

.98270 

1.01761 

30 

60 

.99420 

1.00583 

10 

1 

.97189 

1.02892 

49 

31 

.98327 

1.01702 

29 

51 

.['■J  178 

1.00525 

9 

2 

.97246 

1.02832 

48 

32 

.98384 

1.01642 

28 

62 

."■.')36 

1.00467 

8 

.3 

.97302 

1.02772 

47 

33 

.98141 

1.01583 

27 

63 

,:''.594 

1.00408 

7 

4 

.97359 

1.08713 

46 

34 

.98499 

1.01524 

26 

54 

.      $52 

1.00350 

6 

.5 

.97416 

1.02653 

45 

35 

.98556 

1.01465 

25 

55 

.    no 

1.00291 

6 

6 

.97472 

1.02593 

44 

36 

.98613 

1.01406 

24 

66 

.■.-'768 

1.00233 

4 

.7 

.97529 

1.02533 

43 

37 

.98671 

1.01347 

23 

67 

,.y,^ 

1.00175 

8 

18 

.97586 

1.02474 

42 

38 

.98728 

1.01288 

22 

58 

.■i:,.»4 

1.00116 

2 

19 

.  .97643 

1.02414 

41 

39 

.98786 

1.01229 

21 

59 

.%ym 

1.00058 

1 

JO 

.97700 

1.02355 

40 

40 

.98843 

1.01170 

20 

60 

I.LHJOOO 

1.00000 

0 

/ 

Tang 

/ 

/ 

Cotang 

Tang 

/ 

Cotang 

Tang 

i 

45«» 

46« 

4fi.          1 

vGoogle 


TABLE  Xm.— YERSINES  AND  EXSEOANTS. 


407 


t 

0* 

!• 

«• 

1 

• 

/ 

▼en. 

Ezsec. 

Vers: 

Ezsec. 

Vers. 

Ezsee. 

Vers. 

Ezsee. 

0 

.00000 

.00000 

.00015 

.00015 

.00061 

.00061 

.00187 

.00187 

~ 

1 

.00000 

.00000 

.00016 

.00016 

.00062 

.00062 

.00139 

00189 

1 

2 

.00000 

.00000 

.00016 

.00016 

.00063 

.00063 

.00140 

.00140 

8 

8 

.00000- 

.00000 

.00017 

.00017 

.00064 

.00064 

.00142 

.00142 

8 

4 

.00000 

.00000 

.00017 

.00017 

.00065 

.00065 

.00148 

.00148 

4 

6 

.00000 

.00000 

.00018 

.00018 

.00066 

.00066 

.00145 

.00145 

5 

6 

.00000 

.00000 

.00018 

.00018 

.00067 

.00067 

.00146 

.00147 

6 

7 

.00000 

.00000 

.00019 

.00019 

.00068 

.00068 

.00148 

.00148 

7 

8 

.00000 

.00000 

.00020 

.00080 

.00069 

.00069 

.00150 

.00160 

8 

9 

.00000 

.00000 

.00020 

.00020 

.00070 

.00070 

.00151 

.00151 

0 

io 

.00000 

.00000 

.00021 

.00081 

.00071 

.00078 

.00153 

.00158 

10 

11 

.00001 

.00001 

.00021 

.00081 

.00073, 

.00078 

.00154 

.00165 

11 

12 

.00001 

.00001 

.00022 

.00028 

.00074 

.00074 

.00156 

.00156 

12 

18 

.00001 

.00001 

.00083 

.00083 

.00075 

.00075 

.00158 

.00158 

18 

14 

.00001 

00001 

.00083 

.00083 

.ooore 

.00076 

.00150 

.00159 

14 

15 

.00001 

.00001 

.00024 

.00084 

.ooorr 

.00077 

.00161 

.00161 

16 

16 

.00001 

.00001 

.00084 

.00024 

.ooore 

.00078 

.00162 

.00168 

16 

17 

.00001 

.00001 

.00085 

.00085 

.00079 

.00079 

.00164 

.00164 

17 

18 

.00001 

.00001 

.00086 

.00026 

.00081 

.00081 

.00166 

.00166 

18 

19 

.00002 

.00003 

.00086 

.00086 

.00082 

.00088 

.00168 

.00168 

19 

20 

.00002 

.00002 

.00087 

.00087 

.00083 

.00083 

.00160 

.00169 

20 

21 

.00002 

.00008 

.00028 

.00088 

.000^4 

.00064 

.00171 

.60171 

21 

22 

.00002 

.00002 

.00028 

.00088 

.00085 

.00085 

.00178 

.00178 

29 

28 

.00002 

.00002 

.00029 

.00089 

.00087 

.00087 

.00174 

.00175 

28 

24 

.00002 

.00002 

.00030 

.00090 

.00088 

.00068 

.00176 

.00176 

24 

25 

.0000ft 

.00008 

.00081 

.00081 

.00089 

.00089 

.00178 

.00178 

26 

26 

.0000« 

.00008 

.00031 

.00031 

.00090 

.00090 

.00179 

.00180 

96 

27 

.00006 

.00008 

.00082 

.00032 

.00091 

.00091 

.00181 

.00182 

27 

28 

.00003 

.00003 

.00083 

.00033 

.00003 

.00093 

.00183 

.00188 

28 

29 

.00004 

.00004 

.00084 

.00084 

.00094 

.00094 

.00185 

.00185 

20 

80 

.00004 

.00004 

.00094 

.00084 

.00095 

.00095 

.00187 

.00187 

80 

81 

.00001 

.00004 

.00086 

.00085 

.00096 

.00097 

.00188 

.00189 

81 

82 

.00004 

.00004 

.00086 

.00086 

.00098 

.00098 

.00190 

.00190 

82 

88 

.00005 

.00006 

.00087 

.00087 

.00099 

.00099 

.00192 

.00198 

88 

84 

.00006 

.00005 

.00087 

.00087 

.00100 

.00100 

.00194 

.00194 

84 

85 

.00006 

.00005 

.00088 

.00088 

.00108 

.00108 

.00196 

.00196 

85 

86 

.00006 

.00005 

.00069 

.00089 

.00103 

.00103 

.00197 

.00198 

86 

87 

.00006 

.00006 

.00040 

.00040 

.00104 

.00104 

.00199 

.00800 

87 

88 

.<K)006 

.00006 

.00041 

.00041 

.00106 

.00106 

.00201 

.00201 

88 

89 

.00006 

.00006 

.00041 

.00041 

.00107 

.00107 

.00203 

.00803 

89 

40 

.00007 

.00007 

.00048 

.00048 

.00108 

.00106 

.00305 

.00305 

40 

41 

.oooor 

.00007 

.00048 

.00048 

.00110 

.00110 

.00207 

.00807 

41 

42 

.00007 

.00007 

.00044 

.00044 

.00111 

.00111 

.00308 

.00300 

48 

48 

.00008 

.00008 

.00045 

.00045 

.00112 

.00113 

.00810 

.00811 

48 

44 

.00008 

.00008 

.00046 

.00046 

.00114 

.00114 

.00212 

.00813 

44 

45 

.00009 

.00047 

.00047 

.00115 

.00115 

.00214 

.00215 

«S 

46 

.00009 

.00009 

.00048 

.00048 

.00117 

.00117 

.00216 

.00816 

46 

47 

.00009 

.00009 

.00048 

.00048 

.00118 

.00118 

.00818 

.00818 

47 

48 

.00010 

.00010 

.00049 

.00049 

.00119 

.00120 

.00280 

.00880 

48 

49 

.00010 

.00010 

.00060 

.00060 

.00181 

.00181 

.00288 

.00888 

49 

60 

.00011 

.00011 

.00061 

.00051 

.00188 

.00182 

.00824 

.00284 

60 

51 

.00011 

.00011 

.00062 

.00068 

.00184 

.00184 

.00886 

.00286 

91 

62 

.00011 

.00011 

.00058 

.00053 

.00185 

.00185 

.00228 

.00828 

62 

58 

.00012 

.00012 

.00054 

.00064 

.00187 

.00187 

.00830 

.00880 

53 

54 

.00012 

.00012 

.00065 

.00055 

.00128 

.00188 

.00288 

.00288 

64 

55 

.00013 

.00013 

.00066 

.00066 

.00180 

.00180 

.00834 

.06284 

55 

56 

.00013 

.00013 

.00067 

.00067 

.00131 

.00131 

.00886 

.00286 

66 

67 

.00014 

.00014 

.00058 

.00068 

.00133 

.00133 

.00338 

.00288 

67 

68 

.00014 

.00014 

.00059 

.00069 

.00134 

.00134 

.00840 

.00840 

68 

69 

.00015 

.00015 

.00060 

.00080 

.00186 

.00186 

.00848 

.00042 

69 

60 

.00015 

.00015 

.00061 

.00061 

.00187 

.00187 

.O0M4 

.00244  60  1 
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TABLE  XUI.— YBRSINES  AND  EXSBCANTS. 


4» 

5« 

Vew. 

Ezsec. 

Vers. 

Exsec. 

0 

.00244 

.00244 

"TooST 

.00382 

1 

.00246 

.00246 

.00883 

.00385 

2 

.00248 

.00248 

.00386 

.00387 

3 

.00250 

.00250 

.00388 

.00390 

4 

.00252 

.00852 

.00391 

.00392 

5 

.00254 

.00254 

.00393 

.00395 

6 

.00256 

.00257 

.00396 

.00397 

7 

.00258 

.00259 

.00398 

.00400  ; 

8 

.00260 

.00261 

.00401 

.00403 

9 

.00262 

.00263 

.00404 

.00405 

10 

.00264 

.00265 

.00406 

.00406 

11 

.00266 

.00267 

.00409 

.00411 

13 

.00269 

.00269 

.00412 

.00413 

13 

.00271 

.00271 

.00414 

.00416 

14 

.00273 

.00274 

.00417 

.00419 

15 

.00276 

.00276 

.00420 

.00421 

16 

.00277 

.00278 

.00422 

.00424 

17 

.00279 

.00280 

.00425 

.00427 

18 

.00281 

.00282 

.00428 

.00429 

19 

.00284 

.00284 

.00430 

.00432  1 

80 

.00286 

.00287 

.00433 

.00435 

n 

.00288 

.00889 

.00436 

.00438 

92 

.00290 

.00291 

.00438 

.00440 

88 

.00293 

.00293 

.00441 

.00443 

24 

.00296 

.00296 

.00444 

.00446 

25 

.00297 

.00298 

.00447 

.00449 

28 

.00299 

.00800 

.00449 

.00461 

27 

.ooaoi 

.00302 

.00452 

.00454 

28 

.00304 

.00805 

.00455 

.00457 

29 

.00906 

.00307 

.00468 

.00460 

80 

.00306 

.00809 

.00460 

.00463 

81 

.00311 

.00812 

.00463 

.00465 

82 

.00813 

.00814 

.00466 

.00468 

88 

.00815 

.00316 

.00469 

.00471 

84 

.00817 

.00318 

.00472 

.00474 

86 

.00820 

.00321 

.00474 

.00477 

36 

.00822 

.00323 

.00477 

.00480 

87 

.00324 

.00326 

.00480 

.00482 

88 

.00327 

.00328 

.00483 

.00485 

89 

.00329 

.00330 

.00486 

.00488 

40 

.00332 

.00333 

.00489 

.00191 

41 

.00334 

.00335 

.00492 

.00494 

42 

.00886 

.00337 

.00494 

.00497 

48 

.00339 

.00340 

.00497 

.00500 

44 

.00341 

.00342 

.00600 

.00503 

46 

.00343 

.00345 

.00603 

.00506 

46 

.00346 

.00347 

.00506 

.00509  , 

«7 

.00348 

.00350 

.00509 

.00512 

48 

.00351 

.00352 

.00512 

.00515 

49 

.00353 

.00354 

.00515 

.00518  , 

50 

.00356 

.00357 

.00518 

.00521 

61 

.00858 

.00859 

.00521 

.00624 

62 

.00361 

.00862 

.00524 

.00587 

63 

.00863 

.00864 

.00527 

.00630 

64 

.00665 

.00867 

.00530 

.00533 

66 

.00668 

.00369 

.00583 

.00536 

56 

.00870 

.00372 

.00586 

.00539 

57 

.00873 

.00374 

.00539 

.00542 

66 

.00875 

.00877' 

.00542 

.00645 

60 

.00878 

.00879 

.00545 

.00548 

60 

.00881 

.00882 

.00648 

.00561 

Vers. 


.00548 
.00551 
.00554 
.00557 
.00560 
.00563 
.00566 
.00569 
.00572 
.00576 
.00579 


.00585 


.00691 
00594 
.00598 
.00601 
00604 
.00607 
.00610 

.00614 
.00617 


.00623 


.00630 


.00636 
.00640 
.00643 

.00646 
.00649 
.00663 
.00656 
.00659 
.00663 
.00666 
.00669 
.00673 
.00676 

.00680 


.00690 


.00697 
.00700 
.00703 
.00707 
.00710 

.00714 
.00717 
,00721 
.00724 
.00728 
.00731 

.ooras 

.00738 
.00742 
.00745 


Exsec. 


.00551 
.00554 
.00557 
.00560 
.00563 
.00566 
.00569 
.00573 
.00576 
.00579 
.00582 

.00585 
.00588 
.00592 
.00695 
.00598 
.00601 
.00604 
.00606 
.00611 
.00614 

.00617 
.00681 


.00687 
.00630 
.00634 
.00637 
.00640 
.00644 
.00647 

.00650 
.00654 
.00657 
.00660 
.00664 
.00667 
.00671 
.00674 
.00677 
.00681 

.00684 
.00688 
.00691 
.00695 


.00701 
.00705  , 
.00708  I 
.00712  , 
.00715  ; 

.00719  ' 
.00722  , 
.00726 
.00730  ' 
.00733  I 
.00737  I 
.00740  ! 
.00744  I 
.00747 
.00751  1 


7 

• 

Vera. 

Exsec 

.00745 

.00751 

0 

.00749 

.00755 

1 

.00758 

.00758 

2 

.00756 

-.00762 

3 

.00760 

.00765 

4 

.00763 

.00769 

5 

.00767 

.00773 

6 

.00770 

.00776 

7 

.00774 

.00780 

8 

.00778 

.00784 

9 

.00781 

.00787 

10 

.00785 

.00V91 

11 

.00789 

.00795 

12 

.00798 

.00799 

13 

.00796 

.00802 

14 

.00800 

.00806 

15 

.00803 

.00810 

16 

.00807 

.00813 

17 

.00811 

.00817 

18 

.00814 

.00821 

19 

.00818 

.00825 

20 

.00822 

.00828 

21 

.00625 

.00838 

22 

.00829 

.00836 

28 

.00833 

.00640 

24 

.00837 

.00844 

25 

.00840 

.00848 

26 

.00844 

.00861 

27 

.00848 

.00855 

28 

.00852 

.00859 

29 

.00866 

.00663 

30 

.00869 

.00867 

31 

.00863 

.00871 

38 

.00867 

.00875 

38 

.00871 

.00678 

M 

.00875 

.00882 

35 

.00678 

.00886 

36 

.00882 

.00890 

37 

.00886 

.00694 

38 

.00890 

.00698 

39 

.00894 

.00902 

40 

.00898 

.00906 

41 

.00903 

.00910 

42 

.00906 

.00914 

43 

.00909 

.00918 

44 

00913 

.00922 

45 

00917 

.00926 

46 

.00921 

.00930 

47 

.00925 

.00934 

48 

00929 

.00938 

49 

.00933 

.00942 

50 

.00937 

.00946 

61 

.00941 

.00950 

52 

.00945 

.00954 

63 

.00949 

.00958 

54 

.00953 

.00962 

66 

.00957 

.00966 

56 

.00961 

.00970 

67 

.00965 

.00975 

68 

.00969 

.00979 

69 

.00978 

.00988 

60 

TABLE  Zm.— VEBSINBS  AND  EXSECAMTS. 


40S 


/ 

r 

fl- 

Vera. 

E3tsec 

YetH. 

EiBec. 

"T 

.00978 

.00963 

.01231 

.01247 

1 

.00977 

.00967 

.01286 

.01251 

a 

.00961 

.00991 

.01240 

.01256 

8 

.00965 

.00995 

.01245 

.01261 

4 

.00980 

.00999 

.01249 

.01265 

6 

.00994 

.01004 

.01254 

.01270 

« 

.00996 

.01006 

.01259 

.01275 

7 

.01002 

.01012 

.01263 

.01279 

8 

.01006 

.01016 

.01268 

.01284 

9 

.01010 

.01020 

.01272 

.01289 

10 

.01014 

.01024 

.01277 

.01294 

11 

.01018 

.01029 

.01282 

.01298 

U 

.01022 

.01083 

.01286 

.01303 

13 

.01027 

.01087 

.01291 

.01306 

14 

.01031 

.0.1041 

.01296 

.01313 

16 

.01085 

.01046 

.01800 

.01818 

IG 

.01089 

.01050 

.01305 

.01322 

17 

.01013 

.01054 

.01310 

.01327 

18 

.01047 

.01059 

.01314 

.01382 

19 

.01052 

.01063 

.01319 

.01337 

20 

.01056 

.01067 

.01324 

.01342 

21 

.01060 

.01071 

.01329 

.01346 

2S 

.01064 

.01076 

.01388 

.01351 

88 

.01069 

.01080 

.01838 

.01356 

U 

.01073 

.01064 

.01843 

.01361 

25 

.01077 

.01069 

.01348 

.01866 

26 

.01081 

.01098 

.01852 

.01371 

27 

.01066 

.01097 

.01857 

.01376 

28 

.01090 

.01102 

.01362 

.01381 

29 

.01094 

.01106 

.01367 

.01386 

ao 

.01098 

.01111 

.01371 

.01391 

81 

.01108 

.01115 

.01376 

.01395 

82 

.01107 

.01119 

.01381 

.01400 

83 

.01111 

.01124 

.01386 

.01405 

34 

.01116 

.01128 

.01391 

.01410 

85 

.01120 

.01183 

.01396 

.01415 

86 

.01124 

.01137 

.01400 

.01420 

87 

.01129 

.01142 

.01405 

.01425 

33 

.01133 

.01146 

.01410 

.01430 

39 

.01137 

.01151 

.01415 

.01435 

40 

.01142 

.01155 

.01420 

.01440 

41 

.01146 

.01160 

.01425 

.01445 

42 

.01151 

.01164 

.01480 

.01450 

48 

.01155 

.01169 

.01435 

.01455 

44 

.01159 

.01178 

.01489 

.01461 

45 

.01164 

.01178 

.01444 

.01466 

46 

.01168 

.01182 

.01449 

.01471 

47 

.01173 

.01187 

.01454 

•01476 

48 

.01177 

.01191 

.01459 

.01481 

49 

.01182 

.01196 

.01464 

.01486 

50 

.01186 

.01200 

.01469 

.01491 

51 

.01191 

.01206 

.01474 

.01496 

52 

.01195 

.01209 

.01479 

.01501 

53 

.01200 

.01214 

.01484 

.01506 

51 

.01204 

.01219 

.01469 

.01512 

55 

.01209 

.01223 

.01494 

.01517 

66 

.01218 

.01228 

.01499 

.01522 

57 

.01218 

.01233 

.01504 

.01527 

58 

.01222 

.01237 

.01509 

.01532 

69 

.01227 

.01242 

.01514 

.01537 

60 

.01281 

.01247 

.01519 

.01543 

10- 


Vera,    Eisec. 


.01519 
.01524 
.01529 
.01534 
.01540 
.01545 
.01560 
.01555 
.01560 
.01565 
.01570 

.01575 
.01580 
.01586 
.01591 
.01596 
.01601 
.01606 
.01612 
.01617 


.01627 
.01682 
.01638 
.01643 
.01648 
.01653 
.01669 
.01664 
.01669 
.01675 

.01680 
.01685 
.01690 


.01701 
.01706 
.01712 
.01717 
.01723 
.01728 

.01733 
.01739 
.01744 
.01750 
.01755 
.01760 
.01766 
.01771 
.01777 
.01782 

.01788 
.01793 
.01799 
.01804 
.01810 
.01815 
.01821 
.01826 
.01832 
.01887 


.01543 
.01546 
.01653 
.01558 
.01564 
.01569 
.01574 
.01579 
.01585 
.01500 
.01595 

.01601 
.01606 
.01611 
.01616 


.01627 
.01683 
.01638 
.01643 
.01649 

.01654 
.01659 
.01665 
.01670 
.01676 
.01681 
.01687 
.01692 
.01698 
.01703 

.01709 
.0in4 
.01720 
.01725 
.01731 
.01736 
.01742 
.01747 
.01753 
.01756 

.01764 
.01769 
.01775 
.01781 
.01786 
.01792 
.01798 
.01808 
.01809 
.01815 

.01820 
.01826 
.01832 
.Oia37 
.01843 
.01849 
.01854 
.01860 
.01866 
.01872 


IV 

Vers. 

Exsee. 

.01837 

.01872 

0 

.01843 

.01877 

1 

.01848 

.01883 

2 

.01854 

.01889 

3 

.01860 

.01885 

4 

.01865 

.01901 

5 

.01871 

.01906 

6 

.01876 

.01912 

7 

.01882 

.01918 

8 

.01888 

.01924 

9 

.01893 

.01930 

10 

.01899 

.01936 

11 

.01904 

.01941 

12 

.01910 

.01947 

13 

.01916 

.01953 

14 

.01921 

.01950 

15 

.01927 

.01965 

16 

.01983 

.01971 

17 

.01939 

.01977 

18 

.01944 

.01983 

19 

.01950 

.01989 

20 

.01056 

.01995 

21 

.01961 

.02001 

22 

.01967 

.02007 

23 

.01973 

.02013 

24 

.01979 

.02019 

25 

.01984 

.02025 

26 

.01990 

.02031 

27 

.01996 

.02087 

28 

.02002 

.02043 

29 

.02006 

.02049 

30 

.02013 

.02065 

81 

.02019 

.08061 

32 

.02025 

.02067 

33 

.02031 

.02073 

84 

.02037 

.02079 

85 

.02042 

.02066 

36 

.02048 

.02091 

37 

.02064 

.02097 

38 

.02060 

.02103 

39 

.02066 

.02110 

40 

.02072 

.02116 

41 

.02078 

.02122 

42 

.02084 

.02126 

43 

.02090 

.02184 

44 

.02095 

.02140 

45 

.02101 

.oei46 

46 

.02107 

.02153 

47 

.02113 

.02159 

48 

.02119 

.02165 

49 

.02125 

.02171 

50 

.02131 

.02178 

51 

.02137 

.02184 

52 

.02143 

.02190 

53 

.02149 

.02196 

54 

.02155 

.02203 

55 

.02161 

.02209  56 

.02167 

.02215  57 

.02173 

.02221  j  58 

.02179 

.02228  59 

.02185 

.02284 

60 

410 

TABLE  Xin.-VER8INES  AND 

EXSECANTS. 

i 

12«    1 

IS* 

It** 

16- 

Vers. 

Ezsec. 

Vera. 

Exsec. 

Ver^ 

Exsec. 

v™. 

Etoec, 

~ 

.02185 

.02284 

.02568 

.02680 

.02970 

.03061  1 

.08^ 

.08688 

1 

.02191 

.02240 

.02570 

.02687 

.02977 

.03069  ! 

.08415 

.08686 

1 

2 

.02197 

.02247 

.02576 

.02644 

.02985 

.08076 

.08422 

.08544 

2 

8 

.02208 

.02253 

.02588 

.02651 

.02992 

.08064 

.08480 

.08562 

8 

4 

.02210 

.02259 

.02589 

.02658 

02999 

.03091 

.08488 

.08660 

4 

6 

.02216 

.02266 

.02596 

.02665 

.03006 

.03099 

.03445 

.08568 

6 

6 

.02222 

.02272 

.02602 

.02672 

.03013 

.03106 

.03453 

.08576 

6 

7 

.02228 

.02279 

.02609 

.02079 

.03020 

.03114 

.03460 

.08584 

7 

8 

.02284 

.02286 

.02616 

.02686 

.03027 

.03121 

.03468 

.08592 

8 

9 

.02240 

.02291 

.02622 

.02693 

.03034 

.03129 

.03476 

.03601 

9 

10 

.02246 

.02298 

.02629 

.02700 

.03041 

.03187 

.06488 

.03609 

10 

11 

.02252 

.02301 

.02686 

.02707 

.09048 

.09144 

.08491 

.08617 

11 

12 

.02258 

.02311 

.02642 

.02714 

.09055 

.03152 

.08498 

.03625 

12 

13 

.02265 

.02317 

.02649 

.02721 

.06068 

.08159 

.09506 

08683 

18 

14 

.02271 

.02323 

.02665 

.02^8 

.03070 

.09167  j 

.03514 

.08642 

14 

15 

.02277 

.02330 

.02662 

.02785 

.03077 

.09175 

.08521 

.08650 

15 

16 

.02288 

.02336 

.02669 

.02742 

.03084 

.03182 

.08529 

.09658 

16 

17 

.02289 

.02348 

.02675 

.02749 

.08091 

.03190 

.08537 

.03666 

17 

18 

.02295 

.02349 

.02682 

.02756 

.03098 

.03198 

.06544 

.03674 

18 

19 

.02302 

.08356 

.02689 

.02703 

.03106 

.03206 

.09552 

.03688 

19 

ao 

.02308 

.02362 

.02696 

.02770 

.03118 

.03218 

.09560 

.06691 

90 

2\ 

.02314 

02369 

.02702 

.02777 

.03120 

.03221 

.08567 

.03699 

21 

22 

.02820 

.02375 

.02709 

.027i^ 

.03127 

.03228 

.03576 

.03708 

S2 

23 

.02327 

.02382 

.02716 

.02791 

.03184 

.03286 

.03588 

.09716 

88 

24 

.02338 

.02388 

.02722 

.02799 

.03142 

.03244 

.03690 

.03724 

d4 

25 

.02339 

.02395 

.02729 

.02806 

.03149 

.03251 

.03598 

.03732 

25 

26 

.02345 

.C2402 

.02736 

.02813 

.03156 

.03259 

.03606 

.09741 

26 

27 

.02352 

.02408 

.02748 

.02820 

.03163 

.03267 

.03614 

.03749 

27 

28 

.02358 

.02415 

.02749 

.02827 

.03171 

.03275 

.03021 

.03758 

28 

29 

.02364 

.02421 

.02756 

.02834 

.03178 

.03282 

.03629 

.09766 

29 

80 

.02870 

.02428 

.02768 

.02842 

.03185 

.03290 

.08637 

.08774 

SO 

81 

.02877 

.02485 

.02770 

.02849 

.03193 

.08296' 

.03645 

.08783 

31 

82 

.02383 

.02441 

.02777 

.02856 

.03200 

.03306 

.03653 

.08791 

82 

88 

.02389 

.02448 

.02788 

.02863 

.03207 

.03318 

.03660 

.03799 

83 

84 

.02896 

.02454 

.02790 

.02870 

.03214 

.03321 

.03668 

.03806 

34 

85 

.02402 

.02461 

.02797 

.02878 

.03222 

.03329 

.03676 

.08816 

36 

86 

.02406 

.02468 

.02804 

.02885 

.03229 

.03337 

.03684 

.03825 

86 

37 

.02415 

.02474 

.02811 

.02892 

.03236 

.03345 

.03692 

.03833 

37 

38 

.02421 

.02481 

.02818 

.02899 

.03244 

.03353 

.03699 

.03843 

38 

89 

.02427 

.02488 

.02824 

.02907 

.03251 

.03360 

.03707 

.03850 

b9 

40 

.02434 

.02494 

.02831 

.02914 

.08258 

.08368 

.03716 

.03858 

4^ 

41 

.024«) 

.02501 

.02838 

.02921 

.08266 

.03376 

.03723 

.09867 

41 

42 

.02447 

.02508 

.02845 

.02928 

.08278 

.03384 

.09731 

.0387TS 

42 

43 

.02453 

.02515 

.02852 

.02936 

.03281 

.08392 

.03739 

.08884 

43 

44 

.02450 

.02521 

.02859 

.02943 

.03288 

.08400 

.03747 

.09892 

44 

45 

.02466 

.02528 

.02866 

.02950 

.03295 

.03406 

.03754 

.08901 

45 

46 

.02472 

.02586 

.02873 

.02956 

.03303 

.03416 

.03762 

.03909 

46 

47 

.02479 

.02542 

.02880 

.02965 

.03310 

.03424 

.03770 

.09918^ 

47 

48 

.02485 

.02548 

.02887 

.02972 

.03318 

.08432 

.03778 

.03927 

48 

49 

.02492 

.02555 

.02894 

.02980 

.03325 

.08439 

.03786 

.09935 

49 

60 

.02496 

.02562 

.02900 

.02987 

.08338 

.03447 

.08794 

.08944 

60 

51 

.02504 

.02569 

.02907 

.02994 

.09340 

.03455 

.03802 

.08952 

51 

52 

.02511 

.02576 

.02914 

.03002 

.08847 

.03468 

.08810 

.08961 

52 

58 

.02517 

.02582 

.02921 

.08009 

.08355 

.08471 

.03818 

.08969 

68 

54 

.02584 

.02589 

.02928 

.08017 

.08362 

.08479 

.03826 

.03978 

64 

55 

.02530 

.02596 

.02935 

.08024 

.03870 

.03487 

.03834 

.03987 

65 

56 

.02537 

.02608 

.02942 

.09082 

.08377 

.08495 

.08842 

.09995 

66 

57 

.02548 

.02810 

.02949 

.03089 

.03385 

.08508 

.03860 

.04004 

W 

58 

.02550 

.02617 

.08966 

.09046 

.08392 

.03512 

.03868 

.04018 

58 

50 

.02666 

.02624 

.68968 

.08064 

.08400 

.08520 

.08866 

.04021 

59 

60 

.02668 

.08680 

.0S970 

.08061 

.08407 

.06528 

.09874 

.04060 

00 

TABLE  Xm.— VKBSINES  AHD  EZSECAMTS. 


411 


ie» 

17« 

If 

19* 

/ 

Vers. 

Exsec. 

Vera. 

Ezsec.  1 

Vers. 

Exsec. 

Vers. 

Exsec. 

0 

.08874 

.04060 

.04870 

.04569 

.04894 

.05146 

.06448 

.05762 

0 

1 

-09882 

.04069 

.04878 

.04578 

.04903 

.06166 

.06468 

.05778 

1 

2 

.08800 

.04047 

.04887 

.04588 

.04912 

.06166 

.06467 

.06783 

2 

8 

.08896 

.04066 

.04395 

.04697 

.04921 

.06176  ' 

.06477 

.05794 

8 

4 

.03906 

.04065 

.04404 

.04606 

.04980 

.06186  1 

.05486 

.05805 

4 

6 

.08914 

.04073 

.W412 

.04616 

.04969 

.05196 

.05496 

.05816 

5 

6 

.03922 

.04082 

.04421 

.04625 

.04948 

.06206 

.05605 

.058S6 

6 

7 

.03980 

.04091 

.04429 

.04635 

.04957 

.0G216 

.06615 

.05836 

7 

8 

.08988 

.(^100 

.(H438 

Olfili 

.04067 

.06226 

.05624 

.05847 

8 

9 

.03946 

.04108 

.04446 

.m<"^ 

.iHlf76 

.06286 

.06684 

.05868 

9 

10 

.08054 

.04117  : 

.01455 

.(MtJSil 

.mm 

.05246 

.05543 

.06869 

10 

11 

.03963 

.04126 

.04464 

.0l/;72 

sn^m 

.05256 

.05553 

.06879 

11 

12 

.03971 

.04185 

.04472 

,&JtJ^ 

,tj:rt;ii3 

.05266 

.05562 

.06890 

12 

13 

.06979 

.04144 

.04481 

.owii/l 

J>.'m'12 

.06276 

.06572 

.06901 

18 

14 

.03987 

.04152 

.04489 

MTiki 

M^->i^n 

.06286 

.05682 

.05911 

14 

15 

.03995 

.04161 

.04498 

.04710 

JK.ii30 

.05297 

.05591 

.06922 

15 

16 

.04003 

.04170 

.04607 

,04715^ 

.m^'i 

.06807 

.05601 

.05933 

16 

17 

.04011 
.0l5l9 

.04179 

.04615 

,G4T2'J 

,  j't'rfxe 

.06817 

.05610 

.05944 

17 

18 

.04188 

.04624 

MT^ 

,(ri'\'i7 

.05327 

.06620 

.06955 

18 

19 

.04028 

.04197 

.04583 

.CM74« 

.(AVJf.7 

.05337 

.06680 

.06965 

19 

20 

.04066 

.04206 

.04541 

.wr&7 

.0!A176 

.05347 

.06689 

.05976 

20 

21 

.04044 

.04214 

.04650 

.047TflT 

.oTujes 

.05357 

.06649 

.06087 

21 

22 

.04062 

.04223 

.04659 

.04776  , 

.050W 

.05367, 

.05658 

.05998 

22 

23 

.04060 

.04282 

.04567 

.Qi^i 

AK-m 

.05878 

.05668 

.06009 

23 

24 

.04069 

.04241 

.04576 

,04^5  ' 

.t"5]l2 

.05388 

.05678 

.06020 

24 

25 

.04077 

.04250 

.04685 

.Oisns 

.a%rj2 

.05398 

.05687 

.06080 

26 

26 

.04085 

.04259 

.04593 

.04815 

.i):,m 

.05408 

.05697 

.06041 

26 

27 

.04093 

.04268 

.04602 

.WK24 

.or.  NO 

.06418 

.05707 

.06062 

27 

28 

.04102 

.04)m7 

.04611 

.01804 

JAM  4  9 

.05429 

.05716 

.06063 

28 

29 

.04110 

.04286 

.04620 

.(Hh*43 

1  .iK;m 

.06489 

.05726 

.06074 

29 

ao 

.04118 

.04295 

.04628 

.Oier>3  , 

J),'177 

.05449 

.05786 

.06085 

80 

81 

.04126 

.04804 

.04637 

,a48l]3  ' 

.06460 

.05746 

.06096 

81 

33 

.04185 

.04813 

.04646 

.iMH72 

A^^M^^ 

.06470 

.05755 

.06107 

82 

83 

.04148 

.04822 

.04655 

.0-mi 

.ih^nirj 

.05480 

.06765 

.06118 

33 

34 

.04151 

.04881 

.04663 

.<Hm\ 

.ih'i;jiJ5 

.05490 

.05775 

.06129 

84 

85 

.04159 

.04840 

.04672 

.Oll'iii 

.vr,-U 

.05501 

.05785 

.06140 

86 

86 

.04168 

.04849 

.04681 

.OKIII 

.ii.v^l 

.05511 

.06794 

.06161 

86 

87 

.04176 

.04858 

.04690 

.orj-ii* 

,LiiVj;^^ 

.05521 

.t)6804 

.06162 

37 

88 

.04184 

.04867 

.04699 

.mim 

'  .i^rrm 

.06532 

.06814 

.06173 

88 

89 

.04193 

.04876 

.04707 

Mmo 

1  .onv5i 

.05542 

.05824 

.06184 

89 

40 

.04201 

.04385 

.04716 

Mmy 

.U-r^tiO 

.05552 

.06883 

.06195 

40 

41 

.04209 

.04804 

.04725 

.w%s>  1 

^  .(1-V^70 

.05563 

.06843 

.06206 

41 

42 

.04218 

.04403 

.04734 

.04Ufi[» 

,  .av.-9 

.05573 

.05863 

.06217 

42 

43 

.04286 

.04413 

.04743 

.0497U 

,  .(.ir.->iS 

.05584  , 

.05863 

.06228 

48 

44 

.04284 

.04422 

.04762 

.04UHS^ 

.0^^;1'8 

.05594 

.05873 

.06239 

44 

45 

.04243 

.04481 

.04760 

,04tK)K 

jm^r 

.05604 

.05882 

.06250 

46 

46 

04251 

.04440 

.04769 

-0,'V>^.^B 

.0:^':j(J 

.05615 

.06892 

.06261 

46 

47 

.04260 

.04449 

.04778 

.O^fHNt 

i  .or^iivO 

.05625 

.05902 

.06272 

47 

48 

.04268 

.04458 

.04787 

.&%("-»* 

,  J^o:i:J> 

.05686  , 

.05912 

.06283 

48 

49 

.04276 

.04468 

.04796 

.05*;m  1 

M<.n4 

.05646 

.05922 

.06295 

49 

60 

.04285 

.04477 

.04805 

.mnr  \ 

'  .(X^4 

.05657 

.05932 

.06306 

60 

51 

.04293 

.04486 

.04814 

.0R)rp7 

.ir.r]ri3 

.06667 

.05942 

.06817 

51 

62 

.04802 

.04495 

.04823 

.Of-XT 

.or..;;. J 

.05678 

.05951 

.06828 

62 

58 

.04810 

.04604 

.04882 

,mt:7 

.o:w}--i 

.05688 

.05961 

.06839 

58 

54 

.04819 

.04614 

.04841 

.06<>87 

.fkV.'il 

.05699 

.05971 

.06850 

64 

55 

.04827 

.04623 

.04850 

.06097 

jK^i'^i 

.05709 

.05961 

.06362 

65 

66 

.04886 

.04682 

.04858 

.OfiH.17 

.a^ih) 

.06720 

.06991 

.06373 

66 

67 

.04844 

.04541 

.04867 

.05]]f5 

.i>.M  ■..■!) 

.05730 

.06001 

.06884 

57 

68 

.04868 

.04661 

.04876 

.or.r.'G  1 

.r^^  ?■-•■) 

.05741 

.06011 

.06395 

58 

69 

.04861 

.04660 

.04885 

.Qt^\if^ 

.Li:^?:;-) 

.05751 

.06021 

.06407 

69 

ao 

Mm 

.04660 

,0489^ 

%14ti 

,ikWH 

.05762 

.06081 

.06418 

60 

412 


TABLE  ZnL— VSBSINES  AND  EZSECANTa 


80* 

Vers. 

Ezsec. 

0 

.06081 

.06418 

1 

.06041 

.06429 

2 

.06051 

.06440 

8 

.06061 

.06452 

4 

.06071 

.06463 

5 

.06081 

.06474 

6 

.06091 

.06486 

7 

.06101 

.06497 

8 

.06111 

.06508 

9 

.06121 

.06520 

10 

.06181 

.06531 

11 

.06141 

.06542 

12 

.06151 

.06554 

18 

.06161 

.06565 

14 

.06171 

.06577 

15 

.06181 

.06588 

16 

.06191 

.06600 

17 

.06201 

.06611 

18 

.06211 

.06632 

19 

.06221 

.06634 

20 

.06231 

.06645 

21 

.06241 

.06657 

22 

.06252 

.06668 

23 

.06863 

.06680 

24 

.06272 

.06691 

25 

.06282 

.06708 

26 

.06292 

.06715 

27 

.06302 

.06726 

28 

.06812 

.06788 

29 

.06828 

.06749 

80 

.06888 

.06761 

81 

.06848 

.06778 

82 

.06853 

.06784 

83 

.06368 

.06796 

84 

.06874 

.06807 

85 

.06384 

.06819 

86 

.06394 

.06831 

87 

.06404 

.06843 

38 

.06415 

.06854 

89 

.06425 

.06866 

40 

.06485 

.06878 

41 

.06445 

.06889 

42 

.06456 

.06901 

48 

.06466 

.06913 

44 

.06476 

.06025 

46 

.06486 

.06936 

46 

.06497 

.06948 

47 

.06507 

.06960 

48 

.06517 

.06972 

40 

.06528 

.06984 

50 

.06538 

.06996 

61 

.06548 

.07007 

52 

.06550 

.07019 

68 

.06560 

.07031 

64 

.06580 

.07043 

56 

.00590 

.07055 

66 

.06600 

.07067 

67 

.06611 

.07079 

68 

.06621 

.07091 

50 

.06632 

.07108 

00 

.06643 

.07115 

«!• 

Vers. 

Exsec. 

.06642 

.07115 

.06652 

.07126 

.06663 

.07138 

.06673 

.07150 

.06684 

.07162 

.06694 

.07174 

.06705 

.07186 

.06715 

.07199 

.06726 

.07211 

.06736 

.07^ 

.06747 

.07235 

.06757 

.07247 

.06768 

.07259 

.06778 

.07371 

.06789 

.07388 

.06799 

.07395 

.06810 

.07307 

.06820 

.07820 

.06831 

.07832  , 

.06841 

.07844 

.06852 

.07356 

.06863 

.07368 

.06873 

.07880 

.06884 

.07393 

.06894 

.07405 

.06905 

.07417 

.06916 

.07439 

.06936 

.07442 

.06937 

.07454 

.06948 

.07466 

.06958 

.07479 

.06969 

.07491 

.06980 

.07503 

.06990 

.07516 

.07001 

.07538 

.07012 

.07540 

.07023 

.07563 

.07033 

.07565 

.07044 

.07578 

.07055 

.07590  . 

.07065 

.07603 

.07076 

.07615 

.07087 

.07637 

.07098 

.07640 

.07108 

.07653  ! 

.07119 

.07665 

.07130 

.07677 

.07141 

.07690 

.07151 

.07702 

.07163 

.07715 

.07173 

.07737 

.07184 

.07740 

.07195 

.07752 

.07306 

.07765 

.07216 

.07778 

.07227 

.07790 

.07238 

.07803 

.07249 

.07816 

.07260 

.07828 

.07271 

.07841 

.07982 

.07868 

22* 


Vers. 


.07282 
.07293 
.07303 
.07314 
.07325 
.07336 
.07347 
.07358 
.07869 
.07380 
.07891 

.07403 
.07413 
.07434 
.07435 
.07446 
.07457 
.07468 
.07479 
.07490 
.07501 

.07513 


.07584 
.07545 
.07556 
.07568 
.07579 
.07590 
.07601 
.07613 

.07633 
.07634 
.07645 
.07657 
.07668 
.07679 
.07690 
.07701 
.07713 
.07724 

.07785 
.07746 
.07757 
.07769 
.07780 
.07791 
.07808 
.07814 
.07835 
.07836 

.07848 
.07859 
.07870 
.07881 
.07898 
.07904 
.07915 
.07927 
.07838 
07060 


Ezsec. 


.07853 
.07866 
.07879 
.07893 
.07904 
.07917 
.07930 
07^43 
.07955 
.07968 
.07981 

.07994 
.06006 
.08019 
.08082 
.08045 
.08058 
.08071 
.08084 
.08097 
.06109 

.08123 

.08135 

.08148 

.06161 

.08174 

.08187 

.06300  i 

.08313 


.08278 
.08291 
.08305 
.08818 


.08844 
.08357 
.08370 


.08397 
.06410 
.08433 
.06436 
.06449 
.06463 
.06476 
.08489 
.06503 

.06516 
.08529 
.08542 
.08556 
.06569 
.06588 
.06596 
.08609 


.06686 


23* 

1 

Vers. 

Ezsec. 

.07960 

.06636 

0 

.07961 

.08649 

1 

.W^i2 

.08663 

2 

.07964 

.08676 

8 

.07995 

.06090 

4 

.08006 

.06703 

5 

.06018 

.06717 

6 

.08089 

.08730 

7 

.08041 

.06744 

8 

.08052 

.08757 

9 

.06064 

.08771 

10 

.08075 

.08784 

11 

.06066 

.08798 

12 

.08098 

.06811 

13 

.06109 

.08825 

14 

.06121 

.06889 

15 

.06182 

.08863 

16 

.06144 
.06155 

■^ 

17 
18 

.08167 

.06803 

19 

.08178 

.08907 

20 

.08190 

.08921 

21 

.06201 

.08084 

22 

.06213 

.06948 

23 

.08825 

.08963 

24 

.06286 

.08975 

25 

.06248 

08989 

26 

.06850 

.09003 

27 

.08271 

.09017 

28 

.06882 

.09080 

29 

.06294 

.00044 

80 

.08306 

.00068 

81 

.06817 

.09073 

82 

.06329 

.09066 

88 

.06840 

.09099 

84 

.06852 

.00118 

86 

.08364 

.09127 

86 

.08875 

.09141 

87 

.06887 

.09165 

88 

.06399 

.09169 

89 

.08410 

.00188 

40 

.06422 

.09197 

41 

.06484 

.09211 

42 

.08445 

.09284 

48 

.06457 

.09888 

44 

.08469 

.09862 

45 

.08481 

00266* 

46 

.08498 

.00880 

47 

.08504 

.09894 

48 

.06516 

.09308 

49 

.06588 

.00828 

60 

.06689 

00887 

61 

.06661 

.09861 

62 

.08668 

.09666 

68 

.08675 

.09879 

64 

.08686 

.09898 

55 

.08698 

.09407 

56 

.08610 

.09481 

67 

.06682 

.09485 

SB 

.06684 

.00449 

60 

.08646 

.00464 

60 

TABLE  mL-VEBSniES  AKD  BXSBCANT8. 


413 


i 

24» 

30« 

w 

S7» 

/ 

Vers. 

Ezgec. 

Vers. 
.09369 

Exsec. 

.10338 

Vera. 

Ezaec. 

Vera. 

Ezsec. 

0 

.08645 

.09464 

.10121 

.11260 

.10699 

.12233 

0 

1 

.08667 

.09478 

.09382 

.10353 

.10133 

.11276 

.10913 

.12249 

1 

2 

.06669 

.09^ 

.09694 

.10868 

.10146 

.11292 

.10926 

.12266 

2 

3 

.08681 

.09506 

.0M06 

.10383 

.10159 

.11306 

.10939 

.12283 

3 

4 

.08693 

.09520 

.09418 

.10398 

.10172 

.11323 

.10952 

.12299 

4 

5 

.08705 

.09535 

.09431 

.10413 

.10184 

.11339 

.10965 

.12316 

5 

6 

.08717 

.09549 

.09443 

.10428 

.10197 

.11355 

.10979 

.12333 

6 

7 

.08728 

.09563 

.09455 

.10443 

.10210 

.11371 

.10992 

.12349 

7 

8 

.06740 

.09577 

.00468 

.10458 

.10223 

.11387 

.11005 

.12366 

8 

9 

.06752 

.09592 

.09480 

.10473 

.10236 

.11403 

.11019 

.12383 

9 

10 

.08764 

.09606 

.00498 

.10488 

.10248 

.11419 

.11032 

.12400 

10 

11 

.08776 

.09620 

.09505 

.10608 

.10261 

.11435 

.11045 

.1&416 

11 

12 

.08788 

.09685 

.09517 

.10518 

.10274 

.11451 

.11058 

.12433 

12 

13 

.08800 

.09649 

.09530 

.10588 

.10287 

.11467 

.11072 

.12450 

13 

14 

.08812 

.09663 

.09542 

.10649 

.10600 

.11483 

.11065 

.12467 

14 

15 

.08824 

.09678 

.09654 

.10664 

.10813 

.11499 

.11098 

.12484 

1) 

1« 

.06836 

.09692 

.09567 

.10579 

.10826 

.11515 

.11112 

.12501 

16 

17 

.06848 

.09707 

.09579 

.10694 

.10688 

.11531 

.11125 

.12518 

17 

18 

.08860 

.00721 

.09692 

.10609 

.10351 

.11547 

.11138 

.12534 

18 

19 

.08872 

.09785 

.09604 

.10625 

.10364 

.11563 

.11152 

.12551 

19 

20 

.08884 

.09750 

.09617 

.10640 

.10377 

.11579 

.11165 

.12568 

20 

a 

.08896 

.09764 

.09629 

.10656 

.10890 

.11595 

.11178 

.12585 

21 

22 

.08908 

.09779 

.09642 

.10670 

.10403 

.11611 

.11192 

.12602 

22 

23 

.06920 

.09793 

.09654 

.10686 

.1M16 

.11627 

.11205 

.12619 

23 

24 

.08932 

.09606 

.09666 

.10701 

.10429 

.11643 

.11218 

.12636 

24 

26 

.08944 

.09622 

.09679 

.10716 

.10442 

.11659 

.11232 

.12653 

25 

26 

.06966 

.09637 

.09691 

.10781 

.10455 

.11675 

.11245 

.12670 

26 

27 

.06968 

.09651 

.09704 

.10747 

.10468 

.11691 

.11259 

.12687 

27 

28 

.06980 

.09866 

.09716 

.10762 

.10481 

.11708 

.11272 

.12704 

28 

29 

.08992 

.09680 

.097^ 

.10777 

.10494 

.117^ 

.11285 

.12721 

29 

30 

.09004 

.00695 

.09741 

.10793 

.10507 

.11740 

.11299 

.12788 

30 

81 

.09016 

.09909 

.09754 

.10608 

.10520 

.11756 

.11312 

.12755 

31 

82 

.09028 

.09924 

.09767 

.10824 

.10533 

.11772 

.11326 

.12772 

32 

33 

.09040 

.09939 

.097r9 

.10839 

.10546 

.11789 

.11339 

.12789 

33 

34 

.09052 

.09953 

.09792 

.10654 

.10659 

.11805 

.11353 

.12807 

34 

35 

.09064 

.09968 

.09804 

.10670 

.10572 

.11821 

.11366 

.12824 

35 

36 

.09076 

.00062 

.09817 

.10685 

.10585 

.11838 

.11380 

.12841 

36 

37 

.09089 

.09997 

.09829 

.10901 

.10598 

.11854 

.11393 

.12858 

37 

38 

.09101 

.10012 

.09642 

.10916 

.10611 

.11870 

.11407 

.12875 

38 

30 

.09113 

.10026 

.09854 

.10932 

.10624 

.11886 

.11420 

.12892 

39 

40 

.09125 

.10041 

.09667 

.10947 

.10637 

.11903 

.11434 

.12910 

40 

41 

.09137 

.10065 

.09680 

.10968 

.10650 

.11919 

.11447 

.12927 

41 

42 

.09149 

.10071 

.09892 

.10978 

.10663 

.11936 

.11461 

.12944 

42 

43 

.09161 

.10085 

.09905 

.10994 

.10676 

.11952 

.11474 

.12961 

43 

44 

.09174 

.10100 

.09018 

.11009 

.10689 

.11968 

.11488 

.12979 

44 

45 

.09186 

.10115 

.09980 

.11025 

.iwoa 

.11965 

.11501 

.12996 

45 

46 

.06198 

.10130 

.09943 

.11041 

.10715 

.12001 

.11515 

.13013 

46 

47 

.09210 

.10144 

.09965 

.11056 

.10728 

.12018 

.11528 

.13031 

47 

48 

.09222 

.10159 

.09968 

.11072 

.10741 

.12034 

.11542 

.13048 

48 

49 

.09234 

.10174 

.09981 

.11067 

.10755 

.12051 

.11555 

.13065 

49 

50 

.09247 

.10189 

.09993 

•.1U03 

.10768 

.12067 

.11569 

.13083 

50 

51 

.09259 

.10204 

.10006 

.11119 

.10781 

.12084 

.11583 

.13100 

51 

S2 

.09271 

.10218 

.10019 

.11134 

.10;'94 

.12100 

.11596 

.13117 

52 

58 

.09883 

.10233 

.10082 

.11150 

.10807 

.12117 

.11610 

.13135 

53 

54 

.09296 

.10248 

.10044 

.11166 

.10820 

.12133 

.11623 

.13152 

54 

55 

.09308 

.10268 

.10057 

.11181 

.10833 

.12150 

.11637 

.13170 

55 

56 

.09820 

.10278 

.10070 

.11197 

.10847 

.12166 

.11651 

.13187 

.56 

W 

.09832 

.10298 

.10082 

.11213 

.10860 

.12183 

.11664 

.13205 

57 

68 

.09846 

.10308 

.10095 

.11229 

.10873 

.12199 

.11678 

.13222 

58 

60 

.09857 

.10928 

.10106 

.11244 

.10886 

.12216 

.11692 

.13240 

50 

60 

.09869 

.10888 

.10121 

.11260 

.10699 

.12233 

.11705 

.18257  60  ) 
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TABLE  Xm.— VERSINBS  AND  EZSEOANTS. 


280 

as* 

Vers. 

Ezsec. 

Vers. 

Ezsec. 

0 

.11705 

.13257 

.12538 

.14335 

1 

.Iin9 

.13275 

.12552 

.14354 

2 

.11733 

.13292 

.12506 

.14372 

a 

.11746 

.13310 

.12580 

.14391 

4 

.11760 

.1332r 

.12595 

.14409 

5 

.11774 

.13345 

.12609 

.14428 

6 

.11787 

.13362 

.12623 

.14446 

7 

.11801 

.13380 

.12637 

.14465 

8 

.11815 

.13398 

.12651 

.14483 

9 

.11828 

.13415 

.13665 

.14502 

10 

.11842 

.13433 

.12679 

.14521 

11 

.118^6 

.13451 

.12694 

.14539 

12 

.11870 

.13468 

.12708 

.14558 

18 

.11883 

.13486 

.12722 

.14576 

14 

.11897 

.13504 

.12736 

.14595 

15 

.11911 

.13521 

.12750 

.14614 

16 

.11925 

.13539 

.12765 

.14632 

17 

.11988 

.13557 

.12779 

.14651 

18 

.11952 

.13575 

.12793 

.14670 

19 

.11966 

.13593 

.12807 

.14689 

ao 

.11980 

.13610 

.12822 

.14707 

21 

.11994 

.13628 

.12836 

.14726 

22 

.19007 

.13646 

.12850 

.14745 

23 

.12021 

.13664 

.12864 

.14764 

SM 

.13036 

.13682 

.12879 

.14782 

25 

.12049 

.13700 

.12893 

.14801 

26 

.12063 

.13718 

.12907 

.14820 

27 

.12077 

.13735 

.12921 

.14839 

26 

.19091 

.13758 

.12936 

.14858 

29 

.12104 

.13771 

.12950 

.14877 

30 

.12118 

.13780 

.12964 

.14896 

31 

.12132 

.13807 

.12979 

.14914 

sa 

.12146 

.13825 

.13993 

.14933 

33 

.12160 

.13^43 

.13007 

.1496? 

34 

.12174 

.13861 

.13028 

.14971 

35 

.12188 

.13879 

.13036 

.14990 

36 

.12302 

.13897 

.13051 

.15009 

87 

.12216 

.13916 

.13065 

.15088 

38 

.12230 

.13934 

.13079 

.15047 

89 

.12244 

.13952 

.13094 

.15066 

40 

.12257 

.13970 

.13108 

.15085 

41 

.12271 

.13988 

.13122 

.15105 

42 

.12285 

.14006 

.13137 

.15124 

43 

.12299 

.14024 

.13161 

.15143 

44 

.12313 

.14042 

.13166 

.15102 

45 

.12327 

.14061 

.13180 

.15181 

46 

.12341 

.14079 

.13195 

.15200 

47 

.12355 

,14097 

.13209 

.15219 

48 

.12369 

.14115 

.13223 

.15239 

49 

.12383 

.14134 

.13238 

.152'>8 

50 

.12397 

.14152 

.13252 

.15277 

61 

.12411 

.14170 

.18267 

.15396 

52 

.12425 

.14188 

.18281 

.15315 

53 

.12439 

.14207 

.13296 

.15335 

54 

.12454 

.14225 

.13310 

.15354 

65 

.12468 

.14243 

.13325 

.15373 

66 

.12482 

.14262 

.13339 

.15393 

67 

.12496 

.14280 

.18354 

.15412 

68 

.12510 

.14299 

.13368 

.15431 

69 

.12524 

.14317 

.13388 

.15451 

60 

.12538 

.14835 

.18897 

.15470 

80» 


Vers.  J  Ezsec. 


.13397 
.13412 
.13427 
.13441 
.13456 
.13470 
.13485 
.13499 
.13514 
.13529 
.13543 

.13558 
.13573 
.13587 
.13602 
.13616 
.13631 
.13646 
.13660 
.13675 
.13690 

.13705 
.13719 
.13734 
.13749 
.13763 
.13778 
.13793 
.13SC8 
.13822 
.13837 

.13852 
.13867 
.13881 


.13911 


.13941 
.13955 
.13970 


.14000 
.14015 
.14080 
.14044 
.14059 
.14074 
.14089 
.14104 
.14119 
.14134 

.14149 
.14164 
.14179 
.14194 
.14208 


.14238 
.14253 


.14283 


.15470 
.15480 
.15509 
.15528 
.15548 
.15567 
.15687 
.15606 
.15626 
.15646 
.15665 

.15684 
.15704 
.15724 
.16743 
.15763 
.15782 
.15802 


.15841 
.15661 

.15881 
.15901 
.15920 
.15040 
.18960 
.15980 
.16000 
.16019 


.16059 

.16079 
.16009 
.16119 
.16189 
.16159 
.16179 
.16199 


.16279 


.16819 


.16859 
.16880 
.16400 
.1^420 
.16440 
.16460 

.16481 
.16501 
.16621 
.16541 


.16582 


.16643 


$!• 

Vers. 

Ezsec. 

.14288 

.16668 

.14296 

.16664 

.14318 

.16704 

.14328 

.16726 

.14343 

.10745 

.14356 

.16766 

.14873 

.16786 

.14388 

.16606 

.14408 

.16827 

.14416 

.16646 

.14488 

.16868 

.14449 

.16689 

.14464 

.16909 

.14479 

.16080 

.14494 

.16950 

.14509 

.16071 

.14524 

.16992 

.14539 

.17012 

.14564 

.17088 

.14669 

.17€64 

.14564 

.1TO75 

.14599 

.17095 

.14616 

.17116 

.14680 

.17187 

.14645 

.17168 

.14660 

.17178 

.14675 

.17199 

.14690 

.17220 

.14706 

.17541 

.14721 

.17862 

.14786 

.17283 

.14761 

.17304 

.14766 

.17825 

.14782 

.17346 

.14797 

.17867 

.14812 

.17868 

.14827 

.17409 

.14648 

.17480 

.14858 

.17461 

.14ffr3 

.174^ 

.14888 

.17498 

.14904 

.17514 

.14919 

.17585 

.14034 

.17556 

.14049 

.17577 

.14965 

.17508 

.14980 

.1?680 

.14995 

.17641 

.15011 

.17662 

.15026 

.17688 

.16041 

.17704 

.15067 

.17786 

.15072 

.17747 

.16087 

.17768 

.16103 

.17790 

.15118 

.17611 

.15134 

.17889 

.15149 

.17864 

.15164 

.17875 

.15160 

.17606 

.16195 

.17018 

TABLE  Zm—VEBSINES  AND  EXSECANTS. 


415 


/ 

83* 

88« 

84» 

85« 

1 
T 

Vera. 

Ezsee. 

Vew. 

Ezseo. 

Vers. 

Ezseo. 

Vers. 

Ezseo. 

"o" 

.15196 

.17918 

.16138 

.19286 

.17096 

.30633 

.18065 

.22077 

1 

.15211 

.17980 

.16149 

.10359 

.17113 

.20645 

.18101 

.22103 

1 

2 

.15226 

.17961 

.16166 

.19281 

.17129 

.20669 

.18118 

.22127 

3 

8 

.15241 

.17963 

.16181 

.19804 

.17146 

.30693 

.18135 

.22152 

8 

4 

.15357 

.18004 

.16196 

.19837 

.17161 

.90717 

.18153 

.22177 

4 

6 

.15272 

.18035 

.16213 

.19849 

.17178 

.20740 

.18168 

.22202 

5 

8 

.15288 

.18047 

.16228 

.198^ 

.17194 

.30764 

.18186 

.22227 

6 

7 

.15303 

.18068 

.16244 

.19894 

.17210 

.30788 

.18202 

.22253 

7 

8 

.15319 

.18090 

.16260 

.19417 

.17227 

.20813 

.18218 

.22277 

8 

9 

.15334 

.18111 

.16276 

.19440 

.17348 

.20636 

.18235 

.22302 

9 

10 

.15350 

.18133 

.16293 

.19468 

1  .17960 

.30660 

.18258 

.22827 

10 

11 

.15365 

.18165 

.16808 

.19485 

'  .17979 

.90668 

.18909 

.23853 

11 

13 

.15381 

.18176 

.16824 

.19508 

.17993 

.30007 

.18286 

.22877 

13 

18 

.15396 

.18198 

.18840 

.19581 

.17808 

.30981 

.18809 

.93408 

18 

14 

.15413 

.18220 

.18355 

.19664 

.17895 

.20966 

.188:'9 

.33428 

14 

15 

.15427 

.18241 

.18871 

.19576 

.17841 

.30979 

.18886 

.33458 

16 

18 

.15443 

.18968 

.16387 

.19699 

.17857 

.91008 

.18858 

.32478 

16 

17 

.15458 

.18285 

.16408 

.19633 

.17*74 

,31037 

.18869 

.89608 

17 

18 

.15474 

.18307 

.16419 

.19645 

.17890 

.31051 

.18886 

.39628 

18 

19 

.15480 

.18328 

.18435 

.19868 

.17407 

.21075 

.18408 

.39554 

19 

90 

.15605 

.18350 

.16461 

.19601 

.17438 

.31099 

.18430 

.83570 

80 

91 

.15690 

.183P?8 

.16467 

.19718 

.17489 

.31188 

.18487 

.83604 

31 

99 

.15538 

.18394 

.16488 

.19736 

.17456 

.21147 

.18464 

.39629 

83 

98 

.15553 

.18416 

.16499 

.19759 

.17473 

.31171 

.18470 

.23655 

88 

94 

.15567 

.18487 

.16516 

.19783 

.17480 

.21195 

.18487 

.82680 

34 

95 

.15583 

.18459 

.18581 

.19606 

.17506 

.21220 

.18604 

.82708 

85 

98 

.15598 

.18481 

.18547 

.19828 

.17522 

.21244 

.18681 

.22781 

28 

97 

.15614 

.18608 

.18568 

.19861 

.17588 

.21268 

.18588 

.83756 

37 

98 

.15630 

.18535 

.16679 

.19874 

.17554 

.21292 

.18556 

.837S8 

28 

90 

.15645 

.18547 

.16695 

.19897 

.17571 

.21316 

.18573 

.89807 

29 

30 

.15681 

.18660 

.16611 

.19930 

.17687 

.21341 

.18588 

.88888 

80 

81 

.15678 

.18591 

.18627 

.19944 

,17604 

.21886 

.18006 

.99856 

81 

39 

.15693 

.18618 

.18644 

.19967 

.17690 

.21389 

.18023 

.22884 

83 

38 

.15708 

.18685 

.16860 

.19990 

.17687 

.21414 

.18638 

.82909 

38 

84 

.15798 

.186W 

.18876 

.90018 

.17853 

.21488 

.18656 

.32985 

34 

35 

.15780 

.18679 

.18693 

.90086 

.17670 

.21462 

.18073 

.83960 

35 

36 

.15755 

.18701 

.16708 

.20059 

.17686 

.31487 

.18690 

.82986 

38 

87 

.i5rro 

.18728 

.16724 

.90083 

.17708 

.21511 

.18707 

.28018 

37 

88 

.15786 

.18745 

.16740 

.20106 

.17719 

.31535 

.18734 

.23087 

88 

80 

.15808 

.18767 

.16756 

.20129 

.17736 

.31560  1 

.18741 

.28083 

39 

40 

.15818 

.18790 

.16773 

.90163 

.17758 

.31584  1 

.18768 

.38080 

40 

41 

.15883 

.18812 

.lff788 

.20176 

.17769 

.21609  ! 

.18775 

.88114 

41 

49 

.15849 

.16834 

.16805 

.20199 

.17786 

.31633 

.18792 

.88140 

43 

48 

.15865 

18856 

.16821 

.20222 

.17808 

.31658 

.18809 

.88166 

48 

44 

.15880 

[18878 

.16837  ' 

.20^46 

.17819 

.31882 

.18896 

J9S193 

44 

45 

.15896 

.18901 

.16853  , 

.20269 

.17886 

.31707  1 

.18843 

.38217 

45 

46 

.ft912 

.18923 

.16869 

.20292  [ 

.17858 

.21781 

.18860 

.88248 

46 

47 

.15923 

.18945 

.16885 

.20316 

.17868 

.21756 

.18877 

.88269 

47 

48 

.15948 

.18967 

.16902 

,2m9  1 

.17885 

.21781 

.18894 

J38295 

48 

49 

.15959 

.18990 

.16918 

.20363 

.17902 

.21805 

.18911 

.28321 

49 

50 

.15975 

.19018 

.16934 

.20386 

.17918 

.31880 

.18028 

JM847 

50 

51 

.15991 

.19084 

.16950 

.90410 

.17985 

.21855 

.18945 

.38878 

51 

53 

.16006 

.19057 

.16966 

.20433 

.17952 

.21879 

.18982 

.38399 

63 

58 

.16022 

.19079 

.16983 

.20457 

.17968 

.21904 

.18979 

.28424 

58 

54 

.16038 

.19102 

.16999 

.20480 

.17985 

.21929 

.18996 

.28450 

54 

56 

.16054 

.19124 

.17015 

.20504 

.18001 

.21953 

.19018 

.98478 

55 

66 

.16070 

.19146 

.17031 

.20527 

.18018 

.21978 

.19080 

.28602 

58 

57 

.16085 

.19169 

.17047 

.20551 

.18035 

.22003 

.19047 

.28689 

57 

68 

,16101 

.19191 

.17064 

.20575 

.18061 

.29038 

.19064 

.38656 

58 

60 

.16117 

.19314 
.19986 

.17080 

.90598 

.18068 

.22053 

.19081 

.38681 

59 

60 

.19188 

.17096 

.30633 

.18086 

.83077 

.19098 

.88007  00  1 

116 


TABLE  Zm.— VEBSINSS  AND  EZSECANTS. 


/ 

86« 

87« 

VenC 

Ezsec. 

Vers. 

Ezseo. 

"o" 

.19098 

.23607 

.201S6 

.25214 

1 

.19115 

.23688 

.20154 

.25241 

2 

.19188 

.23659 

.20171 

.25269 

8 

.19150 

.23685 

.20189 

.25296 

4 

.19167 

.23711 

.20207 

.25824 

6 

.19184 

.23738 

.20224 

.25351 

6 

.19201 

.23764 

.20242 

.25879 

7 

.19218 

.23790 

.20259 

.25406 

8 

.19235 

.23816 

.20277 

.25484 

9 

.19252 

.23848 

.20294 

.25462 

10 

.19270 

.23869 

.20312 

.25489 

11 

.19287 

.28895 

.20829 

.25517 

12 

.19304 

.23922 

.20347 

.26645 

13 

19321 

.23948 

.20865 

.25672 

14 

.19338 

.23975 

.20382 

.25600 

15 

.19356 

.24001 

.20400 

.25628 

16 

.19878 

.24028 

.20417 

.25666 

17 

.19390 

.24054 

.20485 

.25688 

18 

.19407 

.24081 

.20458 

.26711 

19 

.19424 

.24107 

.20470 

.257:^9 

20 

.19442 

.24134 

.20488 

.25767 

21 

.19459 

.24160 

.20506 

.25795 

22 

.19476 

.24187 

.20523 

.25823 

23 

.19498 

.24218 

.20541 

.25851 

24 

.19511 

.24240 

.20559 

.25879 

25 

.19528 

.24267 

.20576 

.25907 

26 

.19545 

.24293 

.20594 

.25935 

27 

.19562 

.24820 

.20612 

.25963 

28 

.19580 

.24347 

.20629 

.25991 

29 

.19597 

.24378 

.20647 

.26019 

80 

.19614 

.24400 

.20665 

.26047 

81 

.19682 

.24427 

.20682 

.38075 

32 

.19649 

.24454 

,20700 

.26104 

33 

.19666 

.24481 

.20718 

.26132 

34 

.lil684 

.24508 

.20786 

.26160 

a5 

.19701 

.24534 

.20753 

.26188 

36 

.19718 

.24561 

.20771 

.26216 

37 

.19736 

.24588 

.20789 

.26245 

38 

.19753 

.24615 

.20807 

.26273  1 

39 

.19770 

.21642 

.20824 

.26301 

40 

.19788 

.24669 

.20842 

.26380 

41 

.19805 

.24696 

.20660 

.26358 

42 

.19822 

.24723 

.20878 

.26387 

43 

.19840 

.24750 

.20895 

.26415 

44 

.19857 

.24777 

.20913 

.26443 

46 

.19875 

.24804 

.20931 

.26472  ; 

46 

.19892 

.24832 

.20949 

.26600 

47 

.19909 

.24859 

.20967 

.26529 

48 

.19927 

.24886 

.20985 

.26557 

49 

.19944 

.24913 

.21002 

.26586 

50 

.19962 

.24940 

.21020 

.26615 

51 

.19979 

.24967 

.21088 

.26643 

52 

.19997 

.24995 

.21056 

.2667^ 

53 

.20014 

.25022 

.21074 

.26701 

54 

.20032 

.25049 

.21092 

.26729 

65 

.20049 

.25077 

.21109 

.26768 

66 

.20066 

.25104 

.21127 

.26787 

57 

.20084 

.25131 

.21145 

.26815 

58 

.20101 

.25159 

.21168 

.26844 

69 

.20119 

.25186 

.21181 

.26873 

00 

.20186 

.25214 

.81199 

.26002 

3SP 

9B* 

Vera. 

EMWi 

Vent. 

Exaeo. 

.21199 

.26902 

.22285 

.28676 

0 

.21217 

.26981 

.22304 

.28706 

1 

.21235 

.26960 

.22322 

.28737 

2 

.21268 

.26988 

.22340 

.28767 

8 

.21271 

.27017 

.22369 

.28797 

4 

.21289 

.27046 

.22377 

.28828 

5 

.21807 

.27075 

.22395 

.28858 

6 

.21324 

.27104 

.22414 

.28889 

7 

.21842 

.27188 

.22432 

.28919 

8 

.21360 

.27162 

.22450 

.28950 

9 

.21878 

.27191 

.22469 

.28980 

10 

.21896 

.27221 

.22487 

.29011 

11 

.21414 

.27250 

.22506 

.29042 

12 

.21482 

.27279 

.22524 

.29072 

13 

.21450 

.27808 

.22542 

.29108 

14 

.21468 

.27837 

.22561 

.29183 

16 

.21486 

.27866 

.22579 

.29164 

16 

.21504 

.27396 

.22598 

.29196 

17 

.21622 

.27425 

.22616 

.29226 

18 

.21640 

.27464 

.22684 

.29256 

10 

.21568 

.27488 

.22668 

.20287 

20 

.21676 

.27518 

.22671 

.29818 

21 

.21596 

.27542 

.22090 

.29849 

22 

.21613 

.27572 

.22708 

.29880 

23 

.21681 

.27601 

.22727 

.29411 

24 

.21649 

.27630 

.22745 

.29442 

25 

.21667 

.27660 

.22764 

.29478 

26 

.21686 

.27689 

.22782 

.29604 

27 

.21708 

.27719 

.22801 

.29635 

28 

.21721 

.2rr48 

.22819 

.29666 

29 

.21739 

.sr/vvs 

.22888 

.20597 

SO 

.21757 

.27807 

.22856 

.29628 

81 

.217r5 

.27837 

.22876 

.29659 

82 

.21794 

.251867 

.22803 

.29690 

83 

.21812 

.27896 

.22912 

JS9721 

34 

.21880 

.2J'926 

.22980 

.29752 

85 

.21848 

.27956 

.22949 

.29784 

86 

.21866 

.27985 

.22967 

.20815 

87 

.21884 

.28015 

.22986 

.29846 

88 

.21902 

.28046 

.23004 

.29877 

89 

.21921 

.28075 

.20909 

40 

.21939 

.28105 

.23041 

.29940 

41 

.21957 

.38134 

.23060 

.29971 

42 

.21975 

.28164 

.23079 

.30003 

43 

.21993 

.28194 

.23097 

.80034 

44 

.22012 

.28224 

.23116 

.80066 

45 

.22030 

.23134 

.30007 

46 

.22048 

.28284 

.23168 

.30129 

47 

.22066 

.28314 

.23172 

.80160 

48 

.22084 

.28344 

.23190 

.80192 

49 

.22103 

.28374 

.23209 

.80223 

50 

.22121 

.28404 

.23228 

.80255 

51 

.22139 

.28484 

.23246 

.80287 

62 

.22157 

.28464 

.23265 

.80818 

63 

.22176 

.28496 

.23288 

.80850 

64 

.22191 

.28525 

.23302 

.80882 

55 

.22212 

.28565 

.23321 

.30413 

66 

.22281 

.28585 

.23839 

.30445 

67 

.22249 

.28615  1 

.23858 

.80477 

68 

.22267 

.28646 

:X 

.30600 

60 

.22285 

.28676  1 

.30641 

60 

TABLB-  XUL-VEBSINES  AMD  SXSECAMTS. . 


417 


/ 

40* 

1          '^ 

42« 

48* 

/ 

Vers. 

Exsec. 

Vers. 

Exsec. 

Vers. 

Exsec. 

Vers. 

Exsec. 

0 

.28396 

.80541 

.24529 

.82501 

.25686 

.34563 

.26865 

.86733 

0 

1 

.28414 

.30578 

.24548 

.82535 

.26705 

.31599 

.26884 

.86770 

1 

2 

.23433 

.80605 

.24567 

.82568 

.25'W4 

.34634 

.26904 

.86807 

2 

8 

.23452 

.80636 

.24586 

.32602 

.25744 

.34669 

.26924 

,86844 

8 

4 

.23470 

.80668 

.24605 

.32686 

.25763 

.847M 

.26944 

.36881 

4 

5 

.23489 

.30700 

.24625 

.32669 

.25783 

.84740 

.26964 

.36919 

5 

6 

.23508 

.80782 

.24644 

.82703 

.25802 

.34775 

.26984 

.36956 

6 

7 

.23527 

.30r84 

.24663 

.82737 

.25822 

.34811 

.27004 

.36993 

7 

8 

.23545 

.30796 

.24682 

.82770 

.25841 

.34846 

.27024 

.37030 

8 

9 

.23564 

.30829 

.24701 

.32804 

.25861 

.34882 

.27043 

.37068 

9 

10 

.28663 

.80861 

.24720 

.32888 

.25880 

.84917 

.27063 

.87105 

10 

11 

.23603 

.30693 

.24739 

.32872 

.25900 

.8^53 

.27063 

.87143 

11 

12 

.23620 

.30925 

.24759 

.82905 

.25920 

.^988 

.27103 

.37180 

12 

13 

.23639 

.80957 

.24778 

.32939 

.25939 

.35024 

.27123 

.87218 

13 

14 

.23658 

.30989 

.24797 

.32978 

.25959 

.85060 

.27143 

.87265 

14 

15 

.23677 

.31022 

-.24816 

.83007 

.2597$ 

.85095 

.27168 

.87293 

15 

16 

.23696 

.31054 

.24835 

.83041 

.25998 

.35181 

.27183 

.87830 

16 

17 

.23714 

.81086 

.24854 

.33075 

.26017 

.85167 

.27203 

.37368 

17 

18 

.23733 

.31119 

.24874 

.33109 

.26037 

.35203 

.27228 

.37406 

38 

19 

.28752 

.31151 

.24893 

.33143 

.26056 

.35238 

.27248 

.37443 

19 

20 

.23771 

.31183 

.24912 

.33177 

.26076 

.85274 

.27263 

.37481 

20 

21 

.23790 

.31216 

.24931 

.33211 

.26096 

.35310 

.27283 

.87519 

21 

22 

.23808- 

.81248 

.24950 

.33245 

.26115 

.35346 

.2r303 

.37556 

22 

23 

.28887 

.31281 

.24970 

.33279 

.28135 

.85382 

.27323 

.37594 

23 

24 

.23846 

.81318 

.24989 

.33314 

.26154 

.35418 

.27843 

.37632 

24 

96 

.23865 

.81346 

.25008 

.83348 

.26174 

.85454 

.27363 

.37670 

25 

26 

.23884 

.31378 

.25027 

.33382 

.26194 

.85490 

.27383 

.37708 

26 

27 

.23903 

.31411 

.25047 

.33416 

.26213 

.35526 

.27403 

.37746 

27 

28 

.23922 

.31443 

.25066 

.33451 

.26233 

.35562 

,27423 

.37784 

28 

29 

.23941 

.81476 

.25065 

.33185 

.26253 

.35598 

.27443 

.37822 

29 

30 

.23959 

.31609 

.25104 

.33519 

.26272 

.85634 

.27468 

.37860 

80 

81 

.23978 

.31541 

.25124 

.33554 

.26292 

.35670 

.27488 

.37898 

81 

82 

.23997 

.31574 

.25143 

.335S8 

.26312 

.35707 

.27503 

.37936 

82 

33 

.24016 

.81607 

.25162 

.33622 

.26331 

.35743 

.27528 

.37974 

33 

34 

.24035 

.31640 

.25182 

.33657 

.26351 

.35rr9 

.27543 

.38012 

84 

85 

.24054 

.31672 

.25201 

.83691 

.26371 

.35815 

.27563 

.38051 

85 

36 

.24073 

.81705 

.25220 

.33726 

.26390 

.35852 

.27583 

.38089 

86 

37 

.24092 

.31738 

.25240 

.33760 

.26410 

.35888 

.27603 

.38127 

87 

38 

.24111 

.31771 

.25259 

.33795 

.26430 

.35924 

.27623 

.38165 

88 

39 

.24130 

.31804 

.25278 

.33830 

.26449 

.85961 

.27643 

.38204 

89 

40 

.24149 

.31837 

.25297 

.83864 

.26469 

.86997 

.27663 

.88242 

40 

41 

.24168 

.31870 

.25317 

.33899 

.26489 

.86034 

.27883 

.38280 

41 

42 

.24187 

.31903 

.25336 

.33934 

.26509 

.36070 

.27703 

.38319 

42 

43 

.24200 

.81936 

.25356 

.33968 

.96528 

.86107 

.27723 

.38357 

43 

44 

.24225 

.81969 

.25375 

.34003 

.26548 

.36143 

.27743 

.38896 

44 

45 

.24244 

.Mm 

.25394 

.34038 

.26568 

.36180 

.27764 

.38484 

45 

46 

.24262 

.82035 

.25414 

.34073 

.26588 

.36217 

.27784 

.38473 

46 

47 

.24281 

.82068 

.25433 

.34106 

.26607 

.36253 

.27804 

.38512 

47 

48 

.24300 

.82101 

.25452 

.34142 

.26627 

.36290 

.27824 

.38550 

48 

49 

.24320 

.32134 

.25472 

.34177 

.26647 

.36327 

.27844 

.3a589 

49 

50 

.24339 

.32168 

.25491 

.34212 

.26667 

.36363 

.27864 

.38628 

50 

61 

.24358 

.32201 

.25511 

.34247 

.26686 

.86400 

.27884 

.38666 

.51 

52 

.24877 

.32284 

.25530 

.34282 

.26706 

.86437 

.27905 

.38705 

52 

53 

.1^396 

.32267 

.25549 

.34317 

.26726 

.36474 

.27925 

.38744 

53 

54 

.24415 

.32301 

.25569 

.34353 

.26746 

.36511 

.27945 

.88788 

54 

66 

.^434 

.32334 

.25588 

.34387 

.26766 

.36548 

.27965 

.38822 

55 

56 

.24458 

.82868 

.25608 

.34423 

.26785 

.36585 

.27985 

.38860 

56 

57 

.24472 

.32401 

.25627 

.34458 

.26805 

.36622 

.28005 

.38899 

57 

58 

.24491 

.32484 

.25647 

.34493 

.26825 

.86659 

.28026 

.88938 

58 

59 

.24510 

.89468 

.25666 

.34528 

.26846 

.86696 

.28046 

.38077 

59 

60 

.24609 

.32501 

.2S686 

.34563 

.26865 

.86733 

.26066 

.39016  60  1 

18 


TABLE  Zm.— VEBSINES  AND  SXSEOANTS. 


44» 

45* 

46« 

Yenu 

Ezsec. 

Vers. 

Exaec. 

Vera. 

Ezsec. 

0 

.28066 

.39016 

^29^ 

.41421 

.30584 

.43968 

1 

.28086 

.39055 

.29310 

.41463 

.30555 

.43999 

2 

.28106 

.39095 

.29380 

.41504 

.30578 

.44042 

8 

.28127 

.39134 

.29351 

.41545 

.30597 

.44068 

4 

.28147 

.39173 

.29372 

.41586 

.30618 

.44129 

5 

.28167 

.39212 

.29392 

.41627 

.30889 

.44178 

6 

.28187 

.39251 

.29413 

.41669 

.30860 

.44217 

7 

.28208 

.39291 

.29433 

.41710 

.30681 

.44260 

8 

.28228 

.39330 

.29454 

.41752 

.80702 

.44304 

9 

.28248 

.39369 

.29475 

.41793 

.30723 

.44347 

10 

.28268 

.39409 

.29495 

.41885 

.30744 

.44891 

n 

.28289 

.39448 

.29516 

.41876 

.30765 

.44435 

12 

.28309 

.39487 

.29587 

.41918 

.30786 

.44479 

13 

.28829 

.39527 

.29557 

.41959 

.80807 

.44528 

14 

.28850 

.39566 

.29578 

.42001 

.30828 

.44567 

15 

.28870 

.39606 

.29599 

.42042 

.30849 

.44610 

16 

.28390 

.39646 

.29619 

.42084 

.30870 

.44654 

17 

.28410 

.39685 

.29^40 

.42128 

.30891 

.44698 

18 

.28431 

.39725 

.29661 

.42168 

.30912 

.44742 

19 

.28451 

.39764 

.29681 

.42210 

.30933 

.44787 

20 

.28471 

.39804 

.29702 

.42251 

.30954 

.44881 

21 

.28492 

.39844 

.29723 

.42293 

.30975 

.44876 

22 

.28513 

.39884 

.29743 

.42335 

.30998 

.44919- 

23 

.28532 

.39924 

.29704 

.42377 

.31017 

..44963 

2i 

.28553 

.39963 

.29785 

.42419 

.81038 

.45007 

25 

.28673 

.40003 

.29805 

.42461 

.81050 

.45052 

26 

.28593 

.40043 

.29&^6 

.42508 

.81080 

.45098 

27 

.28614 

.40083 

.29847 

.42545 

.31101 

.45141 

28 

.28634 

.40123 

.29868 

.42587 

.31122 

.45185 

29 

.28655 

.40163 

.29888 

.42830 

.31143 

.45229 

30 

.28675 

.40203 

.29909 

.42672 

.31165 

.45274 

31 

.28695 

.40243 

.29980 

.42714 

.31188 

.45319 

32 

.28716 

.40283 

.29951 

.42756 

.31207 

.45363 

33 

.28736 

.40324 

.29971 

.42799 

.31228 

.45408 

34 

.28757 

.40364 

.29992 

.42841 

.31249 

.45452 

35 

.287Tr 

.40404 

.30013 

.42888 

.31270 

.45497 

36 

.28797 

.40444 

.30034 

.42926 

.31291 

.45542 

37 

.28818 

.40485 

.30054 

.42968 

.31312 

.45587 

38 

.28838 

.40525 

.300^/5 

.43011 

.31334 

.45681 

39 

.28859 

.40565 

.30096 

.43053 

.31355 

.45676 

40 

.28879 

.40606 

.30117 

.48096 

.81878 

.45721 

41 

.28900 

.40646 

.80188 

.43189 

.81897 

.45768 

42 

.28920 

.40687 

.80158 

.43181 

.31418 

.45811 

43 

.28941 

.40727 

.80179 

.43224 

.31489 

.45858 

44 

.28961 

.40768 

.80200 

.48267 

.31461 

.45901 

45 

.28981 

.40808 

.30221 

.48310 

.81482 

.45948 

46 

.29002 

.40649 

.30242 

.48352 

.31503 

.45992 

47 

.29022 

.40890 

.30268 

.43395 

.31524 

.46037 

48 

.29043 

.40980 

.30283 

.43488 

.81545 

.46082 

49 

.29063 

.40971 

.30304 

.43481 

.31567 

.46127 

60 

.29064 

.41012 

.30825 

.43524 

.31588 

.^178 

51 

.29104 

.41068 

.80346 

.43567 

.31609 

.46218 

62 

.29125 

.41098 

.30867 

.43610 

.31630 

.46268 

63 

.29145 

.41184 

.30388 

.43658 

.31651 

.46309 

54 

.29166 

.41175 

.80409 

.48696 

.81673 

.46854 

55 

.29187 

.41216 

.80480 

.48739 

.31894 

.46400 

66 

.29207 

.41257 

.80451 

.43788 

.81716 

.46445 

57 

.29228 

.41296 

.80471 

.48828 

.81738 

.46491 

58 

.29248 

.41389 

.30492 

.^869 

.81758 

.46587 

59 

.29269 

.41880 

.80518 

.43912 

.31779 

.48582 

60 

.29289 

.41421 

.80584 

.48956 

.31800 

.48628 

47» 


Vers. 


.31800 
.31821 
.31848 
.81864 
.81885 
.81907 
.31928 
.31949 
.81971 
.81992 
.82013 


.82068 
.32077 


.32141 
.32163 
.82184 


.32270 
.32291 
.32312 


.32377 


.82441 


.32484 
.32505 
.82527 
.32548 
.32570 
.32591 


.83677 


.32730 
.32742 
.32763 
.32785 


.82849 
.82871 


.82914 


.82979 
.88001 


.88014 
.38065 
.88087 


.48674 
.46719 
.46765 
.46811 
.46867 
.46903 
.46949 
.46995 
.47041 
.47087 

.47134 
.47180 
.47226 
.47272 
.47319 
.47365 
.47411 
.47458 
.47504 
.47551 

.47598 
.47644 
.47691 
.47738 
.47784 
.47881 
.47878 
.47925 
.47972 
.48019 

.48066 
.48118 
.48160 
.48207 
.48254 
.48301 
.48349 
.48396 
.48448 
.48491 

.48538 
.48588 
.48638 
.48681 
.48728 
.48776 
.48824 
.48871 
.48919 
.48987 

.49015 
.^083 
.49111 
.49159 
.49207 
.49250 
.49808 
.49861 
.49800 
.49448 


TABLE  Xin.-V£BSIN&S  AND  EXSECANTS. 


419 


i 

48* 

49» 

60» 

bV 

/ 

Vers. 

Exsec. 

Vers. 

Exsec. 

Vers. 

Ezseo. 

Vers. 

Exsec. 

0 

.88067 

.49448 

.84894 

.52425 

.85721 

.55672 

.87068 

.58902 

T 

1 

.83109 

.49496 

.34416 

.52476 

.85744 

.56626 

.37091 

.58959 

1 

2 

.33180 

.49544 

.34438 

152527 

.85766 

.55680 

.87118 

.59016 

2 

3 

.33152 

.49598 

.34460 

.52579 

.85788 

.55734 

.87186 

.59073 

8 

4 

.33173 

.49641 

.34482 

.52680 

.85810 

.55789 

.87158 

.59180 

4 

6 

.33195 

.49690 

.34504 

.52681 

.85883 

.55843 

.87181 

.59188 

6 

6 

.33217 

.49738 

.84526 

.52732 

.85855 

.55897 

.37204 

.59245 

6 

7 

.33238 

.49787 

.34548 

.52784 

.85877 

.55951 

.87226 

.59302 

7 

8 

.33260 

.49835 

.34570 

.52835 

.85900 

.56005 

.87249 

.59360 

8 

9 

.33282 

.49884 

.84592 

.52886 

.35922 

.56060 

.87272 

.59418 

9 

10 

.33303 

.49933 

.84614 

.52938 

.85944 

.56114 

.37294 

.59475 

10 

11 

38325 

.49981 

.84686 

.52989 

.85967 

.56169 

.87317 

.59533 

11 

12 

.33347 

.50030 

.34658 

.53011 

.85989 

.56223 

.37340 

.59590 

12 

18 

.33368 

.50079 

.34680 

.58092 

.86011 

.56278 

.87362 

.59646 

13 

14 

.38390 

.50128 

.34702 

.58144 

.86034 

.56332 

.37385 

.59706 

14 

15 

.33412 

.50177 

.84724 

.53196 

.86056 

.56387 

.37408 

.59764 

15 

16 

.83434 

.50226 

.84746 

.58247 

.86078 

.56442 

.87430 

.59622 

16 

17 

.33465 

.50275 

.84768 

.53299 

.86101 

.56497 

.37458 

.59680 

17 

18 

.33477 

.50324 

.84790 

.53351 

.86123 

.56561 

.87476 

.59988 

18 

19 

.33499 

.50373 

.84812 

.53403 

.86146 

.56606 

.37498 

.59996 

19 

20 

.33520 

.50422 

.34834 

.63455 

.86168 

.56661 

.87521 

.60054 

20 

21 

.33542 

.6W71 

.84856 

.53507 

.36190 

.56716 

.87544 

.60112 

21 

22 

.33564 

.50521 

.34878 

.53559 

.86213 

.56771 

.37567 

.60171 

22 

23 

.33586 

.50570 

.84900 

.53611 

.86235 

.56826 

.37589 

.60229 

28 

24 

.3360r 

.50619 

.34923 

.53663 

.86258 

.56881 

.37612 

.60287 

24 

26 

.33629 

.60669 

.34945 

.53715 

.86280 

.56937 

.87635 

.60346 

26 

20 

.83651 

.50718 

.34967 

.53768 

.86302 

.56992 

.87658 

.60404 

26 

27 

.33678 

.50767 

.84989- 

.53820 

.86325 

.57047 

.87680 

.60463 

27 

28 

.33694 

.50817 

.85011 

.58872 

.36847 

.57103 

.87703 

.60521 

28 

29 

.33716 

.50866 

.35038 

.53924 

.86870 

.57158 

.37726 

.60580 

29 

80 

.33738 

.50916 

.85055 

.58977 

.86892 

.57213 

.87749 

.60689 

30 

81 

.83760 

.50966 

.35077 

.64029 

.36415 

.67269 

.87771 

.60696 

81 

82 

.33782 

.51015 

.35099 

.54082 

.36437 

.57324 

.87794 

.60756 

82 

83 

.83808 

.51065 

.35122 

.54134 

.36460 

.57380 

.87817 

.60815 

83 

84 

.33825 

.51115 

.35144 

.54187 

.36482 

.57436 

.37840 

.60874 

84 

85 

.83847 

.51165 

.85166 

.54240 

.36504 

.57491 

.37862 

.60933 

85 

86 

.33869 

.51215 

.35188 

.54292 

.36527 

.57547 

.37885 

.60992 

86  , 

87 

.33891 

.51265 

.35210 

.54345 

.36549 

.57603 

.37908 

.61051 

37 

88 

.83912 

.51314 

.85232 

.51398 

.36572 

.57659 

.87931 

.61111 

88 

89 

.33984 

.51364 

.35254 

.54451 

.36594 

.67715 

,37954 

.61170 

89 

40 

.33956 

.51415 

.35277 

.54504 

.36617 

.57771 

.37976 

.61229 

40 

41 

.83978 

.51465 

.35299 

.54557 

.86639 

.57827 

.37999 

.61288 

41 

42 

.34000 

.51515 

.85321 

.54610 

.36662 

.57883 

.38022 

.61348 

42 

43 

.34922 

.51565 

.35343 

.54663 

.86684 

.57939 

.38015 

.61407 

43 

44 

.34044 

.51615 

.35365 

.54716 

.86707 

.57995 

.38068 

.61467 

44 

45 

.84065 

.51665 

.35388 

.54769 

.36729 

.58051 

.38091 

.61526 

45 

46 

.34087 

.51716 

.85410 

.54822 

.36762 

.58108 

.38113 

.61586 

46 

47 

.84109 

.51766 

.35432 

.54876 

.36775 

.58164 

.38136 

.61646 

47 

48 

.84181 

.51817 

.35454 

.54929 

.36797 

.58221 

.38159 

.61705 

48 

49 

.34153 

.51867 

.35476 

.54982 

.30820 

.58277 

.88182 

.61765 

49 

SO 

.34175 

.51918 

.35499 

.65036 

.86842 

.58333 

.38205 

.61825 

50 

61 

.84197 

.51968 

.35521 

.55089 

.86865 

.58890 

.38228 

.61885 

51 

62 

.34219 

.52019 

.35543 

.55143 

.36887 

.58447 

.38251 

.61945 

52 

68 

.84241 

.52069 

.35565 

.55196 

.36910 

.58503 

.38274 

.62005 

53 

54 

.34262 

.52120 

.85588 

.55250 

.36932 

.68560 

.38296 

.62065 

64 

55 

.84284 

.52171 

.35610 

.55303 

.86955 

.58617 

.88819 

.62125 

55 

56 

.84306 

.52222 

.35632 

.55357 

.86978 

.58674 

.88342 

.62185 

56 

67 

.84828 

.52273 

.35654 

.55411 

.37000 

.58731 

.88365 

.62246 

67 

58 

.84850 

.52323 

.85677 

.55465 

.37023 

.58788 

.88388 

.62306 

68 

69 

.84872 

.52374 

.85699 

.55518 

.37045 

.58845 

.88411 

.62366 

59 

•0 

.84894 

.62425 

.86721 

.55572 

.87068 

.58902 

.88484 

.62427 

60 

420 


TABLE  Xm.-VERSINE8  AND  EXSECANTS. 


/ 

52** 

58» 

w 

56V 

/ 

Vers. 

Exsec. 

Vers. 

Exsec. 

Vers. 

Exsec. 

Vers. 

Exsec. 

"T 

.38434 

.62427 

.39819 

.06164 

1  .41221 

.70130 

.42642 

.74345 

0 

1 

.38457 

.62487 

.89842 

.66228 

.41245 

.70198 

.42666 

.74417 

1 

2 

.38480 

.62548 

.39865 

.66292 

.41269r 

.70267 

.42690 

.74490 

2 

8 

.38503 

.62609 

.39688 

.66857 

.41292 

.70385 

.42714 

.74562 

3 

4 

.38526 

.62669 

.89911 

.66421 

.41316 

.70403 

.42738 

-.74635 

4 

5 

.38549 

.62730 

.89935 

.66486 

.41339 

.70472 

.42762 

.74708 

6 

6 

.38671 

.62791 

.39958 

.66550 

.41363 

.70540 

.42785 

.74781 

6 

7 

.38594 

.62852 

.39981 

.66615 

.41386 

.70609 

.42809 

.74854 

7 

8 

.38617 

.62918 

.40005 

.66679 

.41410 

.70677 

.42833 

.74927 

8 

9 

.38640 

.62974 

.40028 

.66744 

.41433 

.70746 

.42857 

.75000 

9 

10 

.38663 

.63035 

.40051 

.66809 

.41467 

.70815 

.42881 

.75073 

10 

11 

.88686 

.63096 

.40074 

.66873 

.41481 

.70884 

.42905 

.75146 

11 

12 

.38709 

.63167 

.40008 

.66938 

.41504 

.70953 

.42929 

.75219  12  1 

18 

.38732 

.68218 

.40121 

.67003 

.41528 

.71022 

.42953 

.75293 

13 

14 

.38755 

.63279 

.40144 

.67068 

.41651 

.71091 

.42976 

.75366 

14 

15 

.38778 

.63341 

.40168 

.67133 

.41575 

.71160 

.43000 

.75440 

15 

16 

.38801 

.63402 

.40191 

.67199 

.41599 

.71229 

.43024 

.75513 

16 

17 

.38824 

.68464 

.40214 

.67264 

.41622 

.71298 

.43048 

.75587 

17 

18 

.38847 

.63525 

.40237 

.67329 

.41646 

.71368 

.43072 

,75661 

18 

19 

.38870 

.63587 

.40261 

.67394 

.41670 

.71437 

.43096 

.75734 

19 

20 

.38893 

.63648 

.40284 

.67460 

.41693 

.71506 

.48120 

.76808 

20 

21 

.38916 

.63710 

.40807 

.67525 

.41717 

.71576 

.48144 

.75882 

21 

22 

.38939 

.63772 

.40331 

.67591 

.41740 

.71646 

.43168 

.75956 

22 

28 

.38962 

.63884 

.40854 

.67656 

.41764 

.71715 

.48192 

.76081 

S3 

24 

.38985 

.63895 

.40878 

.67722 

.41788 

.71785 

.48216 

.76105 

24 

25 

.39009 

.63957 

.40401 

.67788 

.41811 

.71855 

.48240 

.76179 

25 

26 

.39082 

.64019 

.40424 

.67853 

.41835 

.71925 

.48264 

.76263 

26 

27 

.39065 

.64081 

.40448 

.67919 

.41859 

•  .71995 

.43287 

.76328 

27 

28 

.89078 

.64144 

.40471 

.67985 

.41882 

.72065 

.43311 

.76402 

28 

29 

.89101 

.64206 

.40494 

.68051 

.41906 

.72135 

.43335 

.76477 

29 

80 

.89124 

.64268 

.40518 

.68117 

.41930 

.72205 

.43359 

.76552 

80 

81 

.89147 

.64330 

.40641 

.68183 

.41953 

.72275 

.43883 

.76626 

81 

82 

.39170 

.64393 

.40665 

.68250 

.41977 

.72346 

.48407 

.76701 

82 

88 

.39193 

.64455 

.40588 

.68816 

.42001 

.72416 

.48431 

.76776 

88 

84 

.39216 

.64518 

.40611 

.68882 

.42024 

.72487 

.43455 

.76851 

34 

85 

.39239 

.64580 

.40685 

.68449 

.42048 

.72557 

.48479 

.76926 

85 

86 

.39262 

.64643 

.40658 

.68615 

.42072 

.72628 

.48503 

.77001 

86 

37 

.89286 

.64705 

.40682 

.68582 

.42096 

.72698 

.48527 

.77077 

87 

88 

.39309 

.64768 

.40705 

.68648 

.42119 

.72769 

.43551 

.77152 

88 

89 

.39332 

.64831 

.40728 

.68715 

.42143 

.728^0 

.48575 

.77227 

89 

40 

.89865 

.64894 

.40752 

.68782 

.42167 

.72911 

.43599 

.77803 

40 

41 

.89878 

.64957 

.40775 

.68848 

.42191 

.72982 

.48623 

.77878 

41 

42 

.39401 

.65020 

.40799 

.68915 

.42214 

.73053 

.43647 

.77454 

42 

48 

.89424 

.65083 

.40822 

.68982 

.42238 

.73124 

.43671 

.77530 

43 

44 

.39447 

.65146 

.40846 

.69049 

.42262 

.73195 

.43695 

.77606 

44 

45 

.89471 

.65209 

.40869 

.69116 

.42285 

.73267 

.43720 

.77681 

45 

46 

.39494 

.65272 

.40893 

.69183 

.42309 

.73338 

.43744 

.77757 

46 

47 

.39517 

.65336 

.40916 

.69250 

.42333 

.73409 

.43768 

.77883 

47 

48 

.39540 

.65399 

.40939 

.69318 

.42357 

.73481 

.43792 

.77910 

48 

49 

.39563 

.65462 

.40963 

.69385 

.42381 

.73552 

.43816 

.77986 

49 

60 

.39686 

.65526 

.40986 

.69452 

.42404 

.73624 

.43840 

.78062 

60 

61 

.39610 

.66589 

.41010 

.69520 

.42428 

.78696 

.48864 

.78138 

61 

62 

.89633 

.65653 

.41038 

.69587 

.42452 

.73768 

.43888 

.78215 

52 

63 

.39656 

.65717 

.41057 

.69655 

.42476 

.73840 

.43912 

.78891 

53 

64 

.89679 

.65780 

.41080 

.69723 

.42499 

.73911 

.43936 

.78368 

64 

65 

.39r02 

.65844 

.41104 

.69790 

.42523 

.73988 

.43960 

.78445 

55 

66 

.39726 

.65908  1 

.41127 

.69858 

.42547 

74056 

.43984 

.78521 

56 

67 

.39749 

.65972 

.41151 

.69926 

.42571 

.74128  1 

.44008 

.78598 

57 

68 

.89772 

.66036 

.41174 

.69994 

.42595 

.74200 

.44033 

.78675 

68 

69 

.89795 

.66100 

.41198 

.70062 

.42619 

.74272  ; 

.44057 

.78753 

50 

60 

.89819 

.66164 

.41221 

.70130  1 

.42642 

.74345  1 

.44081 

.78829  1  «0  1 
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/ 

66* 

57* 

58* 

59« 

/ 

Vers. 

Exsec. 

Vera. 

Exsec. 

Vera. 

Exaec. 

Vera. 

Exsee. 

0 

.44061 

.78829 

.45536 

.83606 

i  .47008 

.88708 

.48496 

.94160 

0 

1 

.44105 

.78906 

.45560 

.83690 

.47083 

.88796 

.48521 

.9^54 

1 

2 

.44129 

.78984 

.45585 

.83773 

.47067 

.88884 

1  .48546 

.94349 

2 

8 

.44153 

.79061 

.45609 

.83855 

.47082 

.88972 

.48571 

.94443 

8 

4 

.44177 

.79138 

.45634 

.83938 

.47107 

.89060 

.48596 

.94537 

4 

5 

.44201 

.79216 

.45658 

.84020 

.47181 

.89148 

.48621 

.94632 

5 

6 

.44225 

.79893 

.45683 

.84103 

.47156 

.89287 

.48646 

.94726 

6 

7 

.44250 

.79371 

.45707 

.84186 

.47181 

.89825 

.48671 

.94821 

7 

8 

.44274 

.79449 

.45731 

.84269 

.47206 

.89414 

.48696 

.94916 

8 

9 

.44298 

.79527 

.45756 

.84352 

.47280 

.89503 

.48721 

.95011 

9 

10 

.44322 

.79604 

.45780 

.84435 

.47255 

.89591 

.48746 

.95106 

10 

11 

.44346 

.79682 

.45805 

.84518 

.47280 

.89680 

.48771 

.95201 

11 

13 

.44370 

.79761 

.45829 

.84601 

.47304 

.89769 

.48796 

.95296 

12 

13 

.44395 

.79839 

.45854 

.84686 

.47829 

.89658 

.48821 

.95892 

13 

14 

.44419 

.79917 

.45878 

.8*768 

.47854 

.89948 

.48846 

.95487 

14 

16 

.44443 

.79995 

.45903 

.84862 

.47879 

.90087 

.48871 

.95583 

15 

16 

.44467 

.80074 

.45927 

.84935 

.47403 

.90126 

.48896 

.95678 

16 

17 

.44491 

.80152 

.45951 

.85019 

.47428 

.90216 

.48921 

.95774 

17 

18 

.44516 

.80231 

.45976 

.85103 

.47453 

.90305 

.48946 

.95870 

18 

19 

.44540 

.80309 

.46000 

.85187 

.47478 

.90395 

.489n 

.95966 

19 

ao 

.44564 

.80888 

.46025 

.85271 

.47502 

.90486 

.48996 

.96062 

20 

2i 

.44588 

.80467 

.46049 

.85355 

.47527 

.90575 

.49021 

.96158 

21 

22 

.44612 

.80646 

.46074 

.85439 

.47552 

.90665 

.49046 

.96255 

22 

23 

.44637 

.80625 

.46098 

.85523 

.47577 

.90755 

.49071 

.96361 

23 

24 

.44661 

.80704 

.46123 

.85608 

.47601 

.90845 

.49096 

.96448 

24 

2S 

.44685 

.80783 

.46147 

.85692 

.47626 

.90935 

.49121 

.96544 

25 

26 

.44709 

.80862 

.46172 

.857?7 

.47651 

.91026 

.49146 

.96641 

26 

27 

.44734 

.80942 

.46196 

.85861 

.47676 

.91116 

.49171 

.96738 

27 

28 

.44758 

.81021 

.46221 

.85946 

.47701 

.91207 

.49196 

.96835 

28 

29 

.44782 

.81101 

.46246 

.b6031 

.47725 

.91297 

.49221 

.96932 

29 

80 

.44806 

.81180 

.46270 

.86116 

.47750 

.91388 

.49246 

.97029 

30 

31 

.44831 

.81260 

.46295 

.86201 

.47775 

.91479 

.49271 

.97127 

31 

82 

.44865 

.81340 

.46319 

.83286 

.47800 

.91570 

.49296 

.97224 

32 

83 

.44879 

.81419 

.46344 

.86371 

.47825 

.91661 

.49321 

.97322 

33 

84 

.44903 

.81499 

.46368 

.86457 

.47849 

.91752 

.49346 

.97420 

34 

35 

.44928 

.81579 

.46393 

.86542 

.47874 

.91844 

.49372 

.97517 

35 

36 

.44952 

.81659 

.46417 

.86627 

.47899 

.91935 

.49397 

.97615 

36 

87 

.44976 

.81740 

.46442 

.86713 

.47924 

.92027 

.49422 

.97713 

37 

88 

.45001 

.81820 

.46466 

.86799 

.47949 

.92118 

.49447 

.97811 

38 

39 

.45025 

.81900 

.46491 

.86885 

.47974 

.92210 

.49472 

.97910 

39 

40 

.45049 

.81981 

.46516 

.86990 

.47998 

.92302 

.49497 

.98008 

40 

41 

.46073 

.82061 

.46540 

.87056 

.48023 

.92394 

.49622 

.98107 

41 

42 

.46098 

.82142 

.46565 

.87142 

.48048 

.92486 

.49547 

.98205 

42 

43 

.45122 

.82222 

.46589 

.87229 

.48073 

.92578 

.49572 

.98304 

43 

44 

.45146 

.82303 

.46614 

.87315 

.48096 

.92670 

.49597 

.98403 

44 

45 

.45171 

.82384 

.46689 

.87401 

.48128 

-.92762 

.49623 

.98502 

45 

46 

.45195 

.82465 

.46663 

.87488 

.48148 

.92855 

.49648 

.98601 

46 

47 

.45219 

.82546 

.46688 

.87574 

.48172 

.92947 

.49673 

.98700 

47 

48 

.45244 

.82627 

.46712 

.87661 

.48197 

.93040 

.49698 

.98799 

48 

49 

.45268 

.82709 

.46737 

.87r48 

.48222 

.93133 

.49723 

.98899 

49 

50 

.45292 

.82790 

.46r62 

.87834 

.48247 

.93226 

.49748 

.98998 

50 

51 

.45817 

.82871 

.46786 

.87921 

.48272 

.93319 

.49773 

.99098 

51 

52 

.45841 

.82953 

.46811 

.88008 

.48207 

.93412 

.49799 

.99198 

62 

53 

.45365 

.88034 

.46836 

.88095 

.48322 

.93505 

.49824 

.99298 

53 

54 

.45390 

.83116 

.46860 

.88183 

.48347 

.93598 

.49849 

.99398 

54 

55 

.45414 

.83198 

.46885 

.88270 

.48372 

.93692 

.49874 

.99498 

55 

56 

.45489 

.83280 

.46909 

.88357 

.48396 

.93785 

.49899 

.99598 

56 

57 

.45468 

.83362 

.46934 

.88445 

.48421 

.93879 

.49924 

.99698 

57 

68 

.45487 

.88444 

.46959 

.88532 

.48446 

.93973 

.49950 

.99799 

58 

50 

.45512 

.88526 

.46963 

.88620 

.48471 

.94066 

.49975 

99899 

59 

60 

.45536 

.88608 

.47008 

.88708 

.48496 

.94160 

.50000 

1.00000 

60 

L22 
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60- 

61. 

e2» 

68» 

/ 
~0 

Vers. 

Ezsec. 

Vera. 

Exsec. 

Vera. 

Exsec. 

Vera. 

Exsec. 

0 

.60000 

1.00000 

.51519 

1.06267 

.58068 

1.18006 

.64601 

1.20269 

1 

.60026 

1.00101 

.51544 

1.06875 

.68079 

1.18122 

.64027 

1.20695 

2 

.50060 

1.00202 

.51670 

1.06488 

.63104 

1.13289 

.64668 

1.20621 

3 

.60076 

1.00808 

.51595 

1.06602 

.58180 

1.18866 

.64679 

1.20647 

4 

.50101 

1.00404 

.51621 

1.06701 

.68156 

1.18478 

.64706 

1.20773 

5 

.60126 

1.00506 

.51646 

1.06809 

.68181 

1.18600 

.64781 

1.20000 

5 

6 

.60151 

1.00607 

.51672 

1.06918 

.58207 

1.18707 

.64767 

1.21026 

7 

.50176 

1.00708 

.61697 

1.07027 

.53238 

1.18826 

.54782 

1.21158 

8 

.50202 

1.00810 

.51723 

1.07187 

.68258 

1.13942 

.64806 

1.21280 

8 

9 

.50227 

1.00912 

.51748 

1.07246 

.53284 

1.14060 

.64884 

1.21407 

10 

.502^ 

1.01014 

.51774 

1.07866 

.58810 

1.14178 

.64860 

1.21536 

10 

11 

.50277 

1.01116 

.51799 

1.07466 

.88836 

1.14296 

.64886 

1.21662 

11 

12 

.50303 

1.01218 

.51825 

1.07575 

.63361 

1.14414 

.54912 

1.21790 

12 

13 

.50828 

1.01320 

.51850 

1.07685 

.68387 

1.14688 

.54988 

1.21918 

18 

14 

.50353 

1.01422 

.51876 

1.07?95 

.53418 

1.14661 

.64964 

1.22046 

14 

15 

.60878 

1.01525 

.51901 

1.07905 

.53439 

1.14770 

.64990 

1.22174 

16 

16 

.60404 

1.01628 

.51927 

1.06015 

.53464 

1.14889 

.65016 

1.22302 

16 

17 

.50429 

1.01730 

.51952 

1.08126 

.53490 

1.15006 

.56042 

1.22430 

17 

18 

.50454 

1.01833 

.51978 

1.08286 

.53516 

1.15127 

.66068 

1.22659 

18 

19 

.60479 

1.01936 

.52003 

1.08347 

.63542 

1.15246 

.65094 

1.22688 

19 

20 

.50505 

1.02039 

.52029 

1.06458 

.53567 

1.15366 

.66120 

1.22817 

ao 

21 

.50530 

1.02148 

.52054 

1.08669 

.53598 

1.15485 

.66146 

1.22946 

21 

22 

.50555 

1.02246 

.52080 

1.08680 

.53619 

1.15605 

.66172 

1.23075 

22 

23 

.50681 

1.02349 

.52105 

1.08791 

.53645 

1.15725 

.55198 

1.23205 

28 

24 

.60606 

1.02468 

.52131 

1.08903 

.53670 

1.15845 

.55224 

1.23334 

24 

25 

.50631 

1.02557 

.52156 

1.09014 

.63696 

1.15965 

.55250 

1.23464 

25 

26 

.50656 

1.02661 

.52182 

1.09126 

.53722 

1.16085 

.65276 

1.28594 

26 

27 

.50682 

1.02786 

.52207 

1.09238 

.53748 

1.16206 

.55302 

1.237^ 

27 

28 

.50707 

1.02860 

.52233 

1.09350 

,53r74 

1.16326 

.66828 

1.23855 

28 

29 

.50732. 

1.02978 

.52269 

1.09462 

.53799 

1.16447 

.65854 

1.28985 

29 

80 

.50738 

1.03077 

.52284 

1.09574 

.53825 

1.16668 

.55380 

1.24116 

30 

31 

.50783 

1.08182 

.52310 

1.09686 

.53851 

1.16689 

.65406 

1.24247 

31 

32 

.50608 

1.03286 

.52335 

1.09799 

.53877 

1.16810 

.65482 

1.24378 

32 

33 

.60634 

1.03391 

.52361 

1.09911 

.53903 

1.16982 

.66468 

1.24509 

33 

34 

.60869 

1.03496 

.52386 

1.10024 

.53928 

1.17068 

.66484 

1.24640 

84 

35 

.60684 

1.03601 

.52412 

1.10187 

.53954 

1.17176 

.55510 

1.24772 

35 

36 

.50910 

1.08706 

.52438 

1.10250 

.53980 

1.17297 

.55536 

1.24903 

86 

37 

.50935 

1.03811 

.52463 

1.10363 

.54006 

1.17419 

.65568 

1.25035 

37 

38 

.50960 

1.03916 

.52489 

1.10477 

.54032 

1.17541 

.55589 

125167 

38 

39 

.50986 

1.04022 

.52514 

1.10590 

.54058 

1.17668 

.65615 

1.25800 

39 

40 

.61011 

1.04128 

.52540 

1.10704 

.54083 

1.17786 

.66641 

1.25432 

40 

41 

.51036 

1.04238 

.62566 

1.10817 

.54109 

1.17909 

.65667 

1.25565 

41 

42 

.51062 

1.04339 

.52501 

1.10931 

.54135 

1.18031 

.55693 

1.25697 

42 

43 

.51087 

1.04445 

.52617 

1.11045 

.54161 

1.18154 

.65719 

1.25830 

48 

U 

.51113 

1.04551 

.52642 

1.11159 

.54187 

1.18277 

.66745 

1.25963 

44 

45 

.51138 

1.04658 

.52668 

•1.11274 

.54218 

1.18401 

.65771 

1.26097 

45 

46 

.51163 

1.04764 

.52694 

1.11388 

.54288 

1.18524 

.65797 

1.26230 

46 

47 

.51189 

1.04870 

.52719 

1.11503 

.54264 

1.18648 

55823 

1.26364 

47 

48 

.51214 

1.04977 

.52745 

1.11617 

.&4290 

1.18772 

.55849 

1.26498 

48 

49 

.51239 

1.05064 

.52771 

1.11732 

.51316 

1.18895 

.55876 

1.26632 

49 

50 

.51265 

1.05191 

.52796 

1.11847 

.54342 

1.19019 

.55902 

1.26766 

50 

51 

.54200 

1.06298 

.52822 

1.11968 

.54368 

1.19144 

.56928 

1.26900 

61 

52 

.51316 

1.05405 

.52&48 

1.1207B 

.54394 

1.19268 

.66964 

1.27035 

52 

53 

.51341 

1.05512 

.52873 

1.12198 

.54420 

1,19393 

.65960 

1.2n69 

58 

54 

.51366 

1.05619 

.52899 

1.12309 

.54446 

1.19517 

.56006 

1.27804 

54 

55 

.51392 

1.05727 

.52924 

1.12425 

.54471 

1.19642 

.66082 

1.27439 

55 

56 

.51417 

1.05835 

.52950 

1.12540 

.54497 

1.19767 

.56068 

1.27574 

56 

67 

.51443 

1.06942 

.52976 

1.12657 

.54523 

1.19892 

.66064 

1.27710 

57 

58 

.51468 

1.06050 

.53001 

1.12778 

.54549 

1.20018 

.66111 

1.27845 

58 

69 

.51494 

1.06158 

.53027 

1.12889 

.54575 

1.20143 

.66187 

1.27961 

59 

00 

.61519 

1.06267 

.68068 

1.18006 

.64601 

1.20269 

.66168 

1.28117   00 1 
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64* 

65« 

Vera. 

1 
Ezsec. 

Vws. 

Ezseo. 

0 

.56163 

1.28117 

.67788 

1.86620 

1 

.56189 

1.28253 

.57766 

1.36768 

2 

.56215 

1.28390 

.67791 

1.36916 

3 

.56241 

1.28526  1 

.57817 

1.37064 

4 

:56267 

1.28663  i 

.67844 

1.37212 

5 

.56294 

1.28800 

.57870 

1.37361 

6 

.56320 

1.28937  I 

.57896 

1.37509 

7 

.56346 

1.29074 

.57923 

1.37668 

8 

.56372 

1.29211 

.57949 

1.37808 

9 

.56398 

1.29349 

.57976 

1.37957 

10 

.56425 

1.29487 

.58002 

1.8810? 

11 

.56451 

1.29625 

.58028 

1.88256 

12 

.56477 

1-29763 

.58055 

1.88406 

13 

.56603 

1.29901 

.58061 

1.88656 

14 

.66529 

1.80040 

.58108 

1.86707 

15 

.66666 

1.80179 

.58134 

1.88857 

16 

.56562 

1.30618 

.58160 

1.39008 

17 

.66606 

1.30467 

.58187 

1.89159 

18 

.56634 

1.80596 

.68213 

1.39811 

19 

.66660 

1.80785 

.58240 

1.39462 

SO 

.66687 

1.80875 

.58266 

1.39614 

21 

.66713 

1.81015 

.58293 

1.8976^ 

22 

.66789 

1.31165 

.58319 

1.89918 

28 

.56765 

1.31295 

.68845 

1.40070 

24 

.56791 

1.31486 

.58872 

1.40222 

25 

.66818 

1.81676 

.58398 

1.40375 

26 

.66844 

1.81717 

.58425 

1.40628 

27 

.66870 

1.31858 

.68451 

1.40681 

28 

.66896 

1.31999 

.58478 

1.40635 

29 

.66923 

1.. 32140 

.68504 

1.40988 

80 

.56949 

1.322^ 

.58681 

1.41142 

81 

.66975 

1.32424 

.68557 

1.41296 

82 

.67001 

1.32566 

.58584 

1.41450 

88 

.67028 

1.38708 

.58610 

1.41605 

84 

.67064 

1.82860 

.58687 

1.41760 

85 

.57060 

1.32993 

.58663 

1.41914 

86 

.67106 

1.33135 

.58690 

1.42070 

87 

.67183 

1.33278 

.58716 

1.42225 

88 

.57159 

1.83422 

.58743 

1.42380 

89 

.57185 

1.38565 

.58769 

1.42536 

40 

.57212 

1.33708 

.58796 

1.42692 

41 

.57288 

1.88852 

.68822 

1.42848 

42 

.57264 

1.88996 

.58849 

1.43005 

43!  .67291 

1.34140 

.58875 

1.43162 

44!  .67317 

1.84284  1 

.58902 

1.43318 

45  .57343 

1.34429 

.58928 

1.43476 

461  .67869 

1.84573 

.58955 

1.43633 

47 

.57806 

1.34718 

.58981 

1.43790 

48 

.57422 

1.34863 

.59008 

1.43948 

49 

.67448 

1.35009 

.59034 

1.44106 

60 

.67475 

1.35154 

.59061 

1.44264 

61 

.67601 

1.36800 

.59067 

1.44428 

62 

.67627 

1.35446 

.59114 

1.44582 

68 

.57654 

1.35592 

.59140 

1.44741 

64 

.K580 

1.85738 

.59167 

1.44900 

55 

.67606 

1.85685 

.59194 

1.45059 

66 

.07983 

1.86081 

.69220 

1.45219 

67 

.67669 

1.86178 

.69847 

1.45378 

68 

.67686 

1.86825 

.69273 

1.45539 

60 

.67712 

1.86478 

.69300 

1.46699 

10 

.67788 

1.86620 

.60826 

1.45859 

Vers.    Bzsea 


.59379 
.59406 
.59433 
.59459 


.69512 
.59539 
.59566 


.59619 
.59646 
.59672 


.69725 
.59752 
.59779 
.59605 


.69659 


.59912 


.69965 


.60018 
.60045 
.60072 
.60098 
.60125 

.60152 
.60178 


.60419 
.60445 
.60472 


.60626 
.60552 
.60579 
.60606 


.60686 
.60713 
.60740 
.60766 
.60793 


.60847 
.60873 
.60900 


1.45869 

1.46020 

1.46181 

1.46342 

1.46504 

1.46665 

1.46827  i 

1.46969 

1.47152  I 

1.47314 

1.47477 

1.47640 
1.47804 
1.47967 
1.48181  I 
1.48295  ; 
1.4845'9 
1.48624 
1.48789 
1.489M  ; 
1.49119  I 

1.49284  I 

1.49450 

1.49616 

1.49782 

1.49948 

1.50115 

1.50282  ■ 

1.50449  i 

1.50617  1 

1.50784 

1.50952  I 

1.51120 

1.61289 

1.51467 

1.51626  j 

1.51795 

1.51965  ' 

1.52134 

1.52304 

1.52474  j 

1.52645  I 

1.62815  ! 

1.6^966 

1.63157  ; 

1.53329 

1.53500 

1.53672 

1.53845 

1.54017 

1.64190 

1.54363 
1.54536 
1.54709 
1.54883 
1.5505? 
1.55231 
1.55405 
1.55580 
1.55755 
1.55930 


ST 


Vers.  Ezieo. 


.60927 
.60964 
.60980 
.61007 
.61034 
.61061 
.61088 
.61114 
.61141 
.61168 
.61195 

.61222 
.61248 
.61275 
.61802 
.61329 
.61356 
.61383 
.61409 
.61436 
.61463 

.61490 
.61617 
.61544 
.61670 
.61597 
.61624 
.61651 
.61678 
.61706 
.61732 

.61759 
.61785 
.61812 
.61839 
.61866 
.61893 
.61920 
.61947 
.61974 


.62061 
.62061 
.62108 
.62135 
.62162 
.62189 
.62216 
.62243 
.62270 

.62297 
.62324 
.62351 
.62378 
.62405 
.62431 
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TABLE  Zni.~VERSINBS  AND  BXSECANTS. 


"o 

68* 

69^ 

TOO 

71- 

1 
0 

Vera 

Exsec. 

Vers. 

Ezsec. 

Vers. 

Exsec. 

V«ra. 

Exseo. 

.62539 

1.66947 

.64168 

1.79043 

.65798 

1.92380 

.67443 

2.07165 

1 

.62566 

1.67139 

.64190 

1.79254 

.65825 

1.92614 

.67471 

2.07415 

1 

2 

.62593 

1.67382 

.64218 

1.79466 

.65853 

1.92849 

.67498 

2.07675 

2 

3 

.62620 

1.67525 

.64245 

1.79679 

.65880 

1.93083 

.67626 

2.07936 

8 

4 

.62647 

1.67718 

.64272 

1.79891 

.65907 

1.93318 

.67W3 

2.08197 

4 

5 

.62674 

1.67911 

.64299 

1.80104 

.65935 

1.93554 

.67581 

2.08459 

5 

6 

.62701 

1.68105 

.64826 

1.80318 

.65962 

1.93790 

.67608 

2.08721 

6 

7 

.62728  ;  1.68299 

.64353 

1.80531 

.65989 

1.94026 

.67636 

2.08983 

7 

8 

.62755     1.68494 

.64381 

1.80746 

1   .66017 

1.94263 

.67663 

2.09246 

8 

9 

.62782  ;  1.68689 

.64408 

1.80960 

.66044 

1.94500 

.67691 

2.09510 

9 

10 

.62809 

1.68884 

.64435 

1.81175 

.66071 

1.94737 

.67718 

2.09774 

10 

11> 

.62836 

1  69079 

.64462 

1.81890 

.66099 

1.94975 

.67746 

2.10088 

11 

12 

.62863 

1.69275 

.64489 

1.81605 

.66126 

1.95213 

.67773 

2.10803 

12 

13 

.62890 

1.69471 

.64517 

1.81821 

.66154 

1.95452 

.67801 

2.10568 

IS 

14 

.62917 

1.69667 

.64544 

1.82037 

.66181 

1.95691 

.67829 

2.10684 

14 

16 

.62944 

1.69864 

.64571 

1.82254 

.66208 

1.95931 

.67856 

2.11101 

16 

16 

.62971 

1.70061 

.64596 

1.82471 

.66286 

1.96171 

.67884 

2.11867 

16 

17 

.62998 

1.70258 

.64625 

1.82688 

.66263 

1.96411 

.67911 

2.11685 

17 

18 

.63025 

1.70455 

.64653 

1.82906 

.66290 

1.96652 

.67939 

2.11903 

18 

19 

.63052 

1.70653 

.64680 

1.831^ 

.66318 

1.96893 

.07966 

2.12171 

19 

20 

.63079 

1.70851 

.64707 

1.83342 

^.66345 

1.97135 

.67994 

2.12440 

90 

21 

.63106 

1.71050 

.64734 

1.83561 

\66373 

1.97377 

.68021 

2.12709 

21 

22 

.63133 

1.71249 

.64761 

1.83780 

.66400 

1.97619 

.68049 

2.12979 

22 

23 

.63161 

1.71448 

.64789 

1.83999 

.66427 

1.97862 

.68077 

2.18249 

23 

24 

.63188 

1.71647 

.64816 

1.84219 

.66455 

1.98106 

.68104 

2.13620 

84 

25 

.63215 

1.71847 

.64843 

1.84439 

.66482 

1.98349 

.68182 

2.18791 

25 

26 

.63242 

1.72047 

.64870 

1.84659 

.66510 

1.9S594 

.68159 

2.14063 

26 

27 

.63269 

1.72247 

.64898 

1.84880 

.66537 

1.98838 

.68187 

2.14886 

27 

28 

.63296 

1.72448 

.64925 

1.85102 

.66564 

1.99083 

.68214 

2.14608 

28 

29 

.63323 

1.72649 

.64952 

1.85323 

.66592 

1.99329 

.68242 

2.14881 

20 

80 

.63350 

1.72850 

.64979 

1.85546 

.66619 

1.99574 

.68270 

2.16166 

80 

81 

.63377 

1.73052 

.66007 

1.85767 

.66647 

1.99821 

.68297 

2.16429 

31 

82 

.63404 

1.73254 

.65034 

1.85990 

.66674 

2.00067 

.68325 

2.16704 

32 

83 

.63431 

1.73456 

.65061 

1.86213 

.66702 

2.00315 

.68352 

2.16970 

83 

84 

.68458 

1.73659 

.65088 

1.86437 

.66729 

2.00562 

.68380 

2.16266 

34 

85 

.63485 

1.73862 

.65116 

1.86661 

.66756 

2.00810 

.68408 

2.16681 

35 

86 

.63512 

1.74065 

.65143 

1.86885 

.66784 

2.01069 

.68436 

2.16808 

36 

87 

.63539 

1.74269 

.65170 

1.87109 

.66811 

2.01308 

.68463 

2.17085 

87 

•88 

.63566 

1.74473 

.65197 

1.87884 

.66839 

2.01557 

.68490 

2.17863 

38 

89 

.63594 

1.74677 

.65225 

1.87560 

.66866 

2.01807 

.68518 

2.17641 

39 

40 

.63621 

1.74881 

.65252 

1.87785 

.66894 

2.02057 

.68546 

2.i7aeo 

40 

41 

.63648 

1.75086 

.65279 

1.88011 

.66921 

2.02808 

.68573 

2.18199 

41 

42 

.63675 

1.75292 

.65306 

1.88238 

.66949 

2.02659 

.68601 

2.18479 

42 

48 

.63702 

1.75497 

.65384 

1.88465 

.66976 

2.02810 

.68628 

2.18768 

43 

44 

.63729 

1.75703 

.65361 

1.88692 

.67003 

2.03062 

.68656 

2.19040 

44 

45 

.63756 

1.75909 

.(m^ 

1.88920 

.67031 

2.03315 

.68684 

2.19822 

45 

46 

.63783 

1.76116 

.65416 

1.89148 

.67058 

2.03568 

.68711 

2.19604 

46 

47 

.63810 

1.76323 

.65443 

1.89376 

.67086 

2.03821 

.68'739 

2.19886 

47 

48 

.63838 

1.76530 

.65470 

1.89605 

.67113 

2.04075 

.68767 

2.20169 

48 

49 

.63865 

1.V6V3'/ 

.65497 

1.89834 

.67141 

2.04329 

.68794 

2.20463 

40 

60 

.63892 

1.76945 

.65525 

1.90063 

.67168 

2.04584 

.68822 

2.20737 

60 

61 

.63919 

1.77154 

.65552 

1.90293 

.67196 

2.04889 

.68849 

2.21021 

51 

62 

.63946 

1.77:^62 

.65579 

1.90524 

.67223 

2.05094 

.68877 

2.21806 

62 

68 

.63973 

1.T7571 

.65607 

1.90754 

.6T351 

2.05350 

.68905 

2.21692 

63 

64 

.64000 

1  77780 

.65634 

1.90986 

.67:^78 

2.05607 

.68932 

2.21878 

64 

65 

.64027 

1.77990 

.65661 

1.91217 

.67306 

2.05864 

.68960 

2.22166 

65 

66 

.64055 

1.78200 

.65689 

1.91449 

.67333 

2.06121 

.68988 

2.22462 

66 

67 

.64082 

1.78410 

.65716 

1.91681 

.67361 

2.06379 

.69015 

2.22740 

67 

68 

.64109 

1.78621 

.65743 

1.91914 

.67388 

2.06687 

.69043 

2.28028 

68 

60 

.64136 

1.78832 

.65771 

1.92147 

,67416 

2.06896 

.69071 

2.28317 

60 

60    .64163) 

1.79048 

.65798 

1.92380 

.67443     2.07155  II 

.69098 

2.2avn 

00 
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"o 

720 

73» 

74-     1 

75» 

/ 
0 

Vers. 

Ezsec. 

Vers. 

Exsec. 

1 

Vers. 

Ezsec. 

1 

Vers. 

Ezsec. 

.69096 

2.23607 

.70763 

2.42030 

.72436 

2.62796 

.74118 

2.86870 

1 

.60196 

2.28807 

.70791 

2.42356 

.72464 

2.63164 

.74146 

2.86790 

1 

2 

.69154 

2.24187 

.70818 

2.42683 

.72492 

263533 

.74174 

2.87211 

2 

8 

.69181 

2.24478 

.70646 

2.43010 

.72520 

2.63903 

.74202 

2.87638 

3 

4 

.60209 

2.24770 

.70674 

2.43337 

.72548 

2.64274 

.74231 

2.88056 

4 

5 

.692S7 

2.25062 

.70902 

2.43666 

.72576 

2.64646 

.74259 

2.88479 

5 

6 

69264 

2.25355 

.70980 

2.43995 

.72604 

2.65018 

.74287 

2.88904 

6 

7 

.69292 

2.25648 

.70958 

2.44324 

.72632 

2.65391 

.74315 

2.89830 

7 

8 

.69320 

2.25942 

.70985 

2.44655 

.72660 

2.65765 

.74343 

2.89756 

6 

9 

.69347 

2  26287 

.71013 

2.44986 

.72688 

2.66140 

.74371 

2.90184 

9 

10 

.69875 

2.26581 

.71041 

2.45317 

.72716 

2.66515 

.74399 

2.90613 

10 

11 

.69403 

2.26827 

.71069 

2.45650 

.72744 

2.66802 

.74427 

2.91042 

11 

12 

.69430 

2.27123 

.71097 

2.45983 

.72772 

2.67269 

.74455 

2.91473 

12 

13 

.60458 

2.27420 

.71125 

2.46316 

.72800 

2.67647 

.74484 

2.91904 

18 

14 

.60486 

2.27717 

.71158 

2.46651 

.72828 

2.68026 

.74512 

2.92337 

14 

15 

.69614 

2.28015 

.71180 

2.46986 

.72856 

2.68405 

.74540 

2.92770 

15 

16 

.69541 

2.28818 

.71208 

2.47321 

.72884 

2.68785 

.74566 

2.93204 

16 

17 

.69569 

2.28612 

.71286 

2.47658 

.72912 

2.69167 

.74596 

2.93640 

17 

18 

.69597 

2.28912 

.71264 

2.47995 

.72940 

2.69549 

.74624 

2.94076 

18 

19 

.69624 

2.29212 

.71292 

2.48333 

.72968 

2.69931 

.74652 

2.94514 

19 

90 

.60652 

2.29512 

.71320 

2.48671 

.72996 

2.70315 

.74680 

2.94952 

20 

21 

.69680 

2.29614 

.71848 

2.49010 

.73024 

2.70700 

.74709 

2.95892 

21 

22 

.69708 

2.80115 

.71375 

2.49350 

.73052 

2.71085 

.74737 

2.95832 

22 

23 

.69735 

2.30418 

.71403 

2.49691 

.73060 

2.71471  i 

.74765 

2.96274 

23 

24 

.69763 

2.30721 

.71481 

2.50032 

.73108 

2.71858  ; 

.74793 

2.96716 

24 

26 

.69791 

2.81024 

.71459 

2.50374 

.73186 

2.72246  1 

.74821 

2.97160 

25 

26 

.69818 

2.81328 

.71487 

2.50716 

.73164 

2.72635  ' 

.74849 

2.97604 

26 

27 

.69646 

2.31683 

.71515 

2.51060 

.73192 

2.73024  , 

.74878 

2.98050 

27 

28 

.69874 

2.31989 

.71543 

2.51404 

.78220 

2.73414  : 

.74906 

2.98497 

28 

29 

.69902 

232244 

.71571 

2.51748 

.73248 

2.73806 

.74934 

2.98944 

29 

80 

.69929 

2.32551 

.71598 

2.52094 

.73276 

2.74198 

.74962 

2.99893 

30 

81 

.60957 

2.32858 

.71626 

2.52440 

.73804 

2.74591 

.74990 

2.99643 

31 

82 

.69985 

2.33166 

.71654 

2.52787 

.78332 

2.74984 

.75018 

8.00298 

32 

88 

.70018 

2.38474 

.71682 

2.53134 

.73360 

2.75379 

.75047 

3.00745 

33 

8« 

.70040 

2.33788 

.71710 

2.53482 

.73388 

2.75775 

.75075 

8.01196 

34 

85 

.70068 

2.34092 

.71738 

2.53831 

.73416 

2.76171 

.75103 

3.01652 

35 

86 

.70096 

2.34403 

.71766 

2.54181 

.73444 

2.76568 

.75131 

3.02107 

36 

87 

.70124 

2.34718 

.71794 

2.54531 

.73472 

2.76966 

.75159 

3.02563 

37 

88 

.70151 

2.35025 

.71822 

2.54883 

.73500 

2.77365 

.75187 

3.03020 

38 

89 

.70179 

2.35336 

.71850 

2.55235 

.73529 

2.77765 

.75216 

3.03479 

39 

40 

.70207 

2.35649 

.71877 

2.55567 

.73657 

2.78166 

.75244 

3.08988 

40 

41 

.70285 

2.35962 

.71905 

2.55940 

.735a5 

2.78568 

.75272 

8.04398 

41 

42 

.70268 

2.36276 

.71933 

2.56294 

.r3618 

2.78970 

.75800 

3.04860 

42 

43 

.70290 

2.36590 

.71961 

2.56649 

.73641 

2.79374  I 

.75328 

3.05322 

43 

44 

.70318 

2.36905 

.71989 

2.57005 

.73669 

2.79778 

.75356 

3.05786 

44 

45 

.70346 

2.3^21 

.73017 

2.57861 

.73697 

2.80183 

.75385 

3.06251 

45 

46 

.70374 

2.37537 

.72045 

2.57718 

.73725 

2.80589 

.75413 

3.06717 

46 

47 

.70401 

2.37854 

.72073 

2.58076 

.73753 

2.80996 

.75441 

3.07184 

47 

48 

.70429 

2.38171 

.72101 

2.58434 

.73781 

2.81404 

.75469 

8.07652 

48 

49 

.70457 

2.88489 

.72129 

2.58794 

.73809 

2.81813 

.75497 

3.08121 

49 

60 

.70486 

2.88808 

.72157 

2.59154 

.73837 

2.82223 

.75526 

8.08591 

50 

SI 

.70518 

2.39128 

.72185 

2.59514 

.73865 

2.82633 

.75564 

3.09068 

51 

5S 

.70540 

2.39448 

.72213 

2.59876 

.73893 

2.83045 

.75582 

3.09585 

52 

58 

.70568 

2.89768 

.72241 

2.60238 

.73921 

2.83457 

.75610 

3.10009 

53 

54 

.70596 

2.40089 

.72269 

2.60601 

.73950 

2.83871 

.75639 

8.10484 

54 

56 

.70624 

2.40411 

.72296 

2.60965 

.73978 

2.84285 

.75667 

8.10960 

55 

66 

.70652 

2.40784 

.72324 

2.61330 

.74006 

2.84700 

.75695 

8.11437 

56 

W 

.70679 

2.41067 

.72352 

2.61695 

.74034 

2.85116 

.75723 

8.11915 

57 

58 

,70707 

2.41881 

.72380 

2.62061 

.74062 

2.85533 

.7.5751 

8.12394 

58 

59 

.70786 

2.41705 

.72406 

2.62428 

.74090 

2.85951 

.75780 

3.12875 

59 

10 

.70768  ^  2.4206O  1 

.73436  2.62796  1 

.74118 

2.86370 

.76808 

S.13857  60] 

426 


TABLE  HIL-VBRSINES  AND  EXSEOAHTS. 


/ 
0 

76* 

77- 

78» 

79« 

Vers. 

Exaec. 

Vers.  1  Ezsec. 

1 

Vers. 

Ezsec. 

Vers. 

Exsec 

.75808 

3.13357 

.77505 

3.44541 

.79209 

3.80973 

.80919 

4.24064 

0 

1 

.75836 

3.13839 

.77533 

3.45102 

.79237 

3.81633 

.80948 

4.24870 

1 

2 

.75864 

3.14323 

.77562 

3.45664 

.79266 

3.82294 

.80976 

4.25658 

2 

3 

.75892 

3.14809 

.77590 

3.46228 

.79294 

3.82956 

.81005 

4.26448 

8 

4 

.75921 

3.15295 

.77618 

3.46793 

.79323 

3.83621 

.81033 

4.27241 

4 

5 

.75949 

3.15782 

.77647 

3.47360 

.79351 

3.84288 

.81062 

4.28036 

5 

6 

.75977 

3.16271 

.77675 

3.47928 

.79380 

8.84956 

.81090 

4.28833 

6 

7 

.76005 

3.16761 

.77703 

3.48498 

.79408 

3.85627 

.81119 

4.29634 

7 

8 

.76034 

3.17252 

.77732 

3.49069 

.79437 

3.86299 

.81148 

4.80436 

8 

9 

.76062 

3.17744 

.77760 

8.49642 

.79465 

8.86973 

.81176 

4.31241 

9 

10 

.76090 

8.18238 

.77788 

3.60816 

.79493 

3.87649 

.81206 

4.32049 

10 

11 

.76118 

3.18733 

.77817 

8.60791 

.79622 

8.88327 

.81233 

4.32859 

11 

12 

.76147 

3.19228 

.77845 

3.51868 

.79550 

8.89007 

.81262 

4.38671 

12 

13 

.76175 

3.19725 

.77874 

3.51947 

.79579 

3.89669 

.81290 

4.84486 

13 

14 

.76203 

3.20224 

.77902 

3.52627 

.79607 

3.90873 

.81819 

4.85804 

14 

15 

.76231 

3.20723 

.77930 

8.63109 

.79636 

8.91068 

.81848 

4.86124 

15 

16 

.76260 

3.21224 

.77959 

3.53692 

.79664 

3.91746 

.81676 

4.86947 

16 

17 

.76288 

3.21726 

.77967 

8.54277 

.79693 

8.92436 

.81406 

4.tif,r/2 

17 

18 

.76316 

3.22229 

.78015 

3.54863 

.79721 

8.93128 

.81488 

4.38600 

18 

19 

.76344 

8.22734 

.78044 

3.56451 

.79750 

8.93821 

.61462 

4.89430 

19 

20 

.76373 

3.23239 

.78072 

3.56041 

.79778 

8.94517 

.81491 

4.40263 

20 

21 

.76401 

8.23746 

.78101 

3.56032 

.79607 

8.95216 

.81619 

4.41099 

21 

22 

.76429 

3.24255 

.78129 

3.57224 

.79635 

8.95914 

.81548 

4.41987 

22 

23 

.76458 

3.24764 

.78157 

8.67819 

.79664 

8.96616 

.81676 

4.42778 

23 

24 

.76486- 

3.25275 

.78186 

8.58414 

.79892 

3.97820 

.81605 

4.48622 

24 

25 

.76514 

3.25787 

.78214 

8.59012 

.79921 

8.96025 

.81688 

4.44^8 

25 

26 

J6542 

3.26300 

.78242 

3.59611 

.79949 

3.98783 

.61662 

4.45817 

26 

27 

.76571 

3.26814 

.78271 

3.60211 

.79978 

8.99443 

.81691 

4.46169 

27 

28 

.76599 

8.27330 

.78299 

3.60813 

.80006 

4.00155 

.81719 

4.47028 

28 

29 

.76627 

3.27847 

.78328 

3.61417 

.80035 

4.00669 

.81748 

4.47881 

29 

30 

.76655 

3.28366 

.78356 

3.62023 

.80068 

4.01585 

.61776 

4.48740 

80 

31 

.76684 

8.28885 

.78384 

8.62630 

.80092 

4.02303 

.81806 

4.49603 

81 

32 

.76712 

8.29406 

.78413 

3.63238 

.80120 

4.03024 

.81834 

4.50468 

82 

38 

.76740 

3.29929 

.78441 

3.63849 

.80149 

4.03746 

.81862 

4.51887 

88 

84 

.76769 

3.30452 

.78470 

3.64461 

.80177 

4.04471 

.81891 

4.52208 

84 

35 

.76797 

3.30977 

.78498 

3.65074 

.80206 

4.05197 

.81919 

4.53061 

35 

36 

.76825 

3.31503 

.78526 

3.65690 

.80234 

4.05926 

.81948 

4.58968 

86 

87 

.76854 

3.32031 

.78555 

3.66307 

.80263 

4.06657 

.81977 

4.64887 

87 

38 

.76882 

3.32560 

.78583 

3.66925 

.80291 

4.07390 

.82005 

4.56720 

88 

39 

.76910 

3.33090 

.78612 

3.67545 

.80320 

4.06125 

1  .82034 

4.56605 

89 

40 

.76938 

8.33622 

.78640 

3.68167 

.80348 

4.06863 

.82063 

4.57498 

40 

41 

.76967 

8.34154 

.78669 

3.68791 

.80377 

4.09602 

.82091 

4.58383 

41 

42 

.76995 

3.34689 

.78697 

5.69417 

.80105 

4.10344 

.62120 

4.69277 

42 

43 

.77023 

3.85224 

.78725 

8.70044 

.80134 

4.11068 

.62148 

4.60174 

43 

44 

.77062 

3.35761 

.78754 

8.7067^ 

.80462 

4.1ia35 

.82177 

4.61073 

44 

45 

.77080 

3.36299 

.78782 

3.71303 

.80491 

4.12583 

.82206 

4.61976 

45 

46 

.77108 

3.36839 

.78811 

3.71935 

.60620 

4.13334 

.82234 

4.62881 

46 

47 

.77137 

3.37380 

.78839 

8.72569 

.80548 

4.14067 

.82268 

4.63790 

47 

48 

.77165 

3.37923 

.78868 

3.73205 

.80677 

4.14842 

.82292 

4.64701 

48 

49 

.77193 

3.38466 

.78896 

3.73843 

.80605 

4.15599 

.82820 

4.65616 

49 

60 

.77222 

8.89012 

.78924 

8.74482 

.80634 

4.16359 

.82849 

4.66533 

50 

61 

.77250 

3.39558 

.78953 

3.75123 

.80662 

4.17121 

.82877 

4.67464 

61 

52 

.77278 

3.40106 

.78961 

8.75766 

.80691 

4.17886 

.82406 

4.68877 

52 

63 

.77307 

8.40656 

.79010 

3.76411 

.80719 

4.186.52 

.82435 

4.69804 

63 

54 

.77835 

8.41206 

.79038 

8.77057 

.80748 

4.19421 

.82463 

4.70284 

54 

56 

.77363 

8.41759 

.79067 

8.77V05 

.80776 

4.20193 

.82492 

4.71166 

65 

66 

.77395 

s.4asn 

.79095 

8.78355 

.80805 

4.20966 

.82521 

4.72102 

56 

67 

.77420 

8.42867 

.79123 

3.79007 

.80833 

4.21742 

62549 

4.78041 

67 

66 

.77448 

3.43424 

.79152 

8.796^1 

.80862 

4.22621 

.82578 

4.78888 

66 

60 

.77477 

8.43982 

.79180 

3.80316 

.80601 

4.23801 

.82607 

4.74929 

69 
60 

60  .77605 

3.44641 

.79009  8.80973  ■ 

.80919 

4.24064 

.82686 

4.75877 
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/ 

"o 

80O 

81.    1 

S3* 

83- 

"o 

Vers. 

Ezsec. 

Vers. 

Exsec. 

Vers. 

Exaec. 

Vers, 

Eisec, 

.82635 

4.75877 

.84357 

6.39245 

.86083 

6.18530 

.87813 

7.20551 

1 

.82664 

4.76829 

.84385 

5.40422 

.86112 

6.20020 

.87842 

7.22500 

1 

2 

.82692 

4.77784 

.84414 

5.41602 

.86140 

6.21517 

.87871 

7.24457 

2 

8 

.82721 

4.78742 

.&i443 

5.42'/87 

.86169 

6.23019 

.87900 

7.26425 

3 

4 

.82750 

4.79703 

.64471 

6.43977 

.86196 

6.24529 

.87929 

7.28402 

4 

5 

.82778 

4.80667 

.64500 

5.45171 

.86227 

6.26044 

.87957 

7.36388 

5 

« 

.82807 

4.81635 

.84529 

5.46360 

86256 

6.27566 

.87986 

7.82384 

6 

7 

.82836 

4.82606 

.84558 

5.475^ 

.86284 

6.29095 

.88015 

7.34390 

7 

8 

.82864 

4.83581 

.84586 

5.48779 

.86313 

6.30630 

.88044 

7.36405 

8 

9 

.82893 

4.84558 

.84615 

5.49991 

.86342 

6.32171 

.88073 

7.38431 

9 

10 

.829!^ 

4.85539 

.84644 

5.51206 

.86371 

6.33719 

.88102 

7.40466 

10 

11 

.82950 

4.86524 

.84673 

5.52429 

.86400 

6.35274 

.88131 

7.42511 

11 

12 

.82979 

4.87511 

.64701 

5.53655 

.86428 

6.36835 

.88160 

7.44566 

12 

13 

.83003 

4.88502 

.64730 

5.54886 

.86457 

6.38403 

.88188 

7.46632 

13 

14 

.83036 

4.89497 

.84759 

6.56121 

.86486 

6.39978 

.88217 

7.48707 

14 

15 

.83065 

4.90495 

.84788 

5.57861 

.86515 

6.41500 

.88246 

7.50793 

15 

16 

.83094 

4.91496 

.84816 

5.58606 

.86544 

6.43148 

.88275 

7.52889 

16 

17 

.83122 

4.92501 

.84645 

5.59855 

.86573 

6.44743 

.88304 

7.54996 

17 

18 

.83151 

4.93509 

.64874 

5.61110 

.86601 

6.46346 

.88333 

7.57113 

18 

19 

.83180 

4.94521 

.64903 

5.63369 

.86^30 

6.47955 

.88362 

7.59241 

19 

20 

.83206 

4.95536 

.84931 

6.63633 

.86659 

6.49571 

.88391 

7.61379 

20 

21 

.83237 

4.96655 

.64960 

6.64902 

.86688 

6.51194 

.88420 

7.63528 

21 

22 

.83266 

4.97577 

.84989 

5.66176 

.86717 

6.52825 

.88448 

7.65688 

22 

23 

.83294 

4.98603 

.85018 

5.674M 

.86746 

6.54462 

.88477 

7.67859 

23 

24 

.83323 

4.99633 

.85046 

5.68738 

.86774 

6.56107 

.88506 

7.70041 

24 

25 

.83352 

5.00666 

.85075 

5.70027 

.86803 

6.57759 

.88535 

7.72234 

25 

26 

.83380 

5.01703 

.85104 

5.71821 

.86832 

6.59418 

.88564 

7.74438 

26 

27 

.83409 

5.02743 

.85183 

5.72620 

.86861 

6.61085 

.88593 

7.76653 

27 

28 

.83488 

5.03787 

.85162 

5.78924 

.86890 

6.62759 

.88622 

7.78880 

28 

29 

.83467 

5.04834 
5.05886 

.85190 

5.75233 

.86919 

6.64441 

.88651 

7.81118 

29 

30 

.8349& 

.85219 

5.76547 

,86947 

6.66130 

.88680 

7.83367 

80 

81 

.83524 

6.06941 

.85248 

5.77866 

.86976 

6.67826 

.88709 

7.85628 

81 

82 

.83553 

5.08000 

.85277 

5.79191 

.87005 

6.69530 

.88737 

7.87901 

82 

38 

.83581 

5.09062 

.85305 

5.80521 

.87034 

6.71242 

.88766 

7.90186 

83 

84 

.83610 

5.10129 

.85334 

5.81856 

.87063 

6.72962 

.88795 

7.92482 

84 

85 

.83639 

5.11199 

.85363 

5.83196 

.87092 

6.74689 

.88824 

7.94791 

85 

86 

.83667 

5.12273 

.85392 

6.84542 

.87120 

6.76424 

.88853 

7.97111 

36 

87 

.83696 

5.13350 

.85420 

5.85893 

.87149 

6.78167 

.88882 

7.99444 

37 

88 

.83725 

6.14432 

.85449. 

5.87250 

.87178 

6.79918 

.88911 

6.01788 

38 

88 

.83754 

5.15617 

.85478 

5.88612 

.87207 

6.81677 

.88940 

8.04146 

39 

40 

.83782 

6.16607 

.85507 

5.89979 

.87236 

6.83443 

.88969 

8.06515 

40 

41 

.83811 

5.17700 

.85536 

6.91352 

.87265 

6.85218 

.88998 

8.08897 

41 

42 

.83840 

5.18797 

.85564 

5.92781 

.87294 

6.87001 

.89027 

8.11292 

42 

48 

.83868 

5.19898 

.85593 

6.94115 

.87322 

6.88792 

.89055 

6.13699 

43 

44 

.83897 

5.21004 

.ms^ 

5.95505 

.87351 

6.90592 

.89064 

8.16120 

44 

45 

.83926 

5.22113 

.85651 

5.96900 

.87380 

6.92400 

.89113 

6.18553 

45 

46 

.83954 

5.23226 

.85680 

5.98301 

.87409 

6.94216 

.89142 

8.20999 

46 

47 

.83983 

5.24343 

.85708 

5.99708 

.87438 

6.96040 

.89171 

8.23459 

47 

48 

.84012 

5.25464 

.85737 

6.01120 

.87467 

6.97873 

.89200 

8.25931 

48 

49 

.84041 

6.26590 

.85766 

6.02538 

.87496 

6.99714 

.89229 

8.28417 

49 

50 

.84069 

5.27719 

.85795 

6.03963 

.87524 

7.01565 

.89258 

8.30917 

50 

51 

.84098 

5.28853 

.85823 

6.05392 

.87553 

7.03423 

.89287 

8.33430 

51 

52 

.84127 

6.2mi 

.85852 

6.06828 

.87582 

7.05291 

.89316 

8.35957 

53 

53 

.84155 

5.31133 

.85881 

6.08269 

.67611 

7.07167 

.89345 

8.38497 

53 

54 

.64184 

5.32279 

.85910 

6.09717 

.87640 

7.09052 

.89374 

8.41052 

54 

55 

.84213 

5.33429 

.85939 

6.11171 

.87669 

7.10946 

.89403 

8.43620 

55 

66 

.84242 

5.34584 

.85967 

6.12630 

.67698 

7.12849 

.89431 

8.46208 

56 

57 

.84270 

5.35743 

.85996 

6.14096 

.87726 

7.14760 

.89460 

8.48800 

57 

58 

.84299 

5.36906 

.86025 

6.15568 

.67755 

7.16681 

.89489 

8.51411 

58 

60 

.84328 

5.38073 

.86054 

6.17046 

.87784 

7.18612 

.89518 

8.54037 

59 

60 

.84857 

5.39245 

.86088 

6.18580 

.87813 

7.20661 

.89547 

8.66677 

•0 
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TABLE  Zni.— VERSINE8  AND  EX8ECANT8. 


t 

w 

86* 

Vers. 

E^see. 

Vera. 

EXMO. 

-\ 

.89547 

8.50677 

.91284 

10.47871 

.89576 

8.59882 

.91813 

10.61199 

2 

.89605 

8.62002 

.91842 

10.66062 

8 

.89684 

8.64687 

.918n 

10.58982 

4 

.89668 

8.67887 

.91400 

10.62887 

5 

.89692 

8.70108 

.91429 

10.66769 

6 

.89721 

8.72888 

.91458 

10.70728 

7 

.89750 

8.75579 

.91487 

10.74714 

8 

.89779 

8.78841 

.91616 

10.78727 

0 

.89808 

8.81119 

.91646 

10.82768 

10 

.89636 

8.83912 

.91574 

10.86887 

11 

.89666 

8.86722 

.91608 

10.90984 

12 

.89694 

8.89547 

.91632 

10.95060 

18 

.89923 

8.92389 

.91661 

10.99214 

14 

.89952 

8.95248 

.91690 

11.03897 

15 

.89981 

8.98123 

.91719 

11.07610 

16 

.90010 

9.01015 

.91748 

11.11862 

17 

.90039 

9.03923 

.91777 

11.16125 

18 

.90068 

9.06849 

.91806 

11.20427 

19 

.90097 

9.09792 

.91836 

11.24761 

20 

.90126 

9.12752 

.91864 

11.29126 

21 

.90156 

9.15780 

.91898 

11.88621 

22 

.90184 

9.18726 

.91922 

11.87948 

23 

.90213 

9.21789 

.91951 

11.42408 

24 
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11.61424 

26 

.90800 

9.80887 

.92038 
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11.60672 

28 

.90858 

9.37077 

.92096 

11.66197- 

29 

.90386 

9.40201 

.92125 
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11.79278 

82 

.90473 

9.49685 

.92212 

11.84042 

33 

.90502 
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TABLE  XVI.— TRANSITION   CURVE  TABLE.  445 
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446      TABLE  XVII.—AREAS  OP  LEVEL  SECTIONS. 
Base,  26  =  14  feet.    Side  slopes  IJ^  to  1. 


O.H. 

.0 

.1 

.2 

.8 

_^4 

.6 

.6 

.7 

.8 

.9 

0 

0.0 

1.4 

2.9 

4.8 

5.8 

7.4 

8.9 

10.5 

18.8 

13.8 

15.6 

17.2 

19.0 

20.7 

88.6 

84.4 

86.8 

88.1 

80.1 

38.0 

84.0 

86.0 

88.1 

40.1 

42.2 

44.4 

46.5 

48.7 

61.0 

63.8 

65.6 

57.8 

60.2 

62.6 

64.9 

67.4 

69.8 

72.8 

74.9 

77.4 

80.0 

82.6 

85.3 

87.9 

90.6 

93.4 

96.1 

98.9 

101.8 

104.6 

107.6 

110.4 

113.4 

116.3 

119.8 

182.4 

185.4 

188.6 

181.7 

184.8 

188.0 

141.8 

144.6 

147.7 

151.0 

154.4 

157.7 

161.1 

164.6 

168.0 

171.6 

175.0 

178.6 

182.1 

185.7 

189.4 

193.0 

196.7 

800.6 

804.8 

208.0 

211.8 

215.7 

219.6 

223.4 

827.4 

231.8 

835.3 

239.4 

843.4 

247.5 

251.6 

856.8 

259.9 

264.1 

268.4 

278.6 

876.9 

881.8 

885.6 

290.0 

894.4 

298.9 

803.3 

807.8 

312.4 

816.9 

821.7 

386.8 

830.8 

835.5 

340.8 

845.0 

849.7 

854.5 

859.4 

864.8 

369.1 

874.1 

379.0 

884.0 

889.0 

894.1 

899.1 

404.2 

409.4 

414.5 

419.7 

425.0 

430.8 

435.5 

440.8 

446.8 

451.5 

456.9 

462.4 

467.8 

473.8 

478.9 

484.4 

490.0 

495.6 

501.8 

506.9 

512.6 

518.4 

624.1 

629.9 

535.8 

541.6 

547.5 

553.4 

559.4 

565.3 

571.8 

577.4 

6S3.4 

689.6 

595.7 

601  8 

608.0 

814.8 

680.5 

626.7 

633.0 

639.4 

645.7 

658.1 

658.6 

665.0 

671.6 

678.0 

684.6 

691.1 

697.7 

704.4 

711.0 

717.7 

724.5 

731.8 

738.0 

744.8 

751.7 

758.6 

765.4 

772.4 

779.3 

786.8 

798.4 

800.4 

807.5 

814.6 

821.8 

828.9 

836.1 

843.4 

850.6 

857.9 

865.3 

872.6 

20 

880.0 

867.4 

894.9 

902.1 

909.8 

917.4 

924.9 

932  5 

940.2 

947.8 

21 

955.5 

963.8 

971.0 

978  7 

986.5 

994.4  1002.8  1010.1  1018.1  lO26.0l 

22 

1034.0  1042.0  1050.1  1058.1  1066.8  1074.4  1062.6  1090.7 

1099  0  1107.2 

28 

1115  5  1123.8  1132.2  1140.6  1148.9  1157.4  1165.8  1174.8  1182.8  imM 

24 

1200.0  120S  6  1217.8  1225.9  1234.6  1243.4 

1252.1 

1260.9  1269.8  1278.61 

26 

1287.5  1296.4  1305.4  1314.8  1323.3  1332.4 

1341.4  1350.5  1359.7 

1368.8 

26 

1378  0  1387.2  1396.5  1405.7  1416.0  1424.4  1483.7  1443.1 

1452.6 

14680 

27 

1471.5  1481.0  1490  6  1500.1  1509.7  1519.4  1529.0  1688.7  1548.6  1558.81 

28 

1568.0  1577.8  1587.7  1597.5  1607.4  1617  4  1627.8  1687.8  1647.4  1657.4 

29 

1667.5  1677.6  1687.8  1697.9  1708.1  1718.4  fr28.6 

1738.9  1749.3  1759.6 1 

Base.  86  = 

=  15  feet.    Side  slopes  1^  to  1. 

0.  H. 

.0 

.1 

.2 

.8         .4 

.6         .6         .7 

.8 

.9 

0 

0.0 

1.6 

8.1 

4.6       6.8 

7.9       9.6      11.8 

13.0 

14.7 

1 

166 

18.3 

80.8 

82.0      88.9 

25.9      27.8      89.8 

31.9 

33.9 

2 

36.0 

38.1 

40.8 

42.4      44.6 

46.9      49.1      61.4 

63.8 

66.1 

8 

58.5 

60.9 

68.4 

65.8      68.3 

70.9      73.4      76.0 

78.7 

81.8 

4 

84.0 

86.7 

89.6 

92.8      95.0 

97.9    100.7    103.6 

106.6 

109.6 

5 

112.6 

115.5 

118.6 

121.6    124.7 

127.9    131.0    184.8 

137.5 

140.7 

6 

144.0 

147.8 

150.7 

154.0    157.4 

160.9    164.3    167.8 

171.4 

174.9 

7 

178  5 

182.1 

185.8 

189.4    193.1 

196.9    800.6    204.4 

208.8 

218.1 

8 

216.0 

219.9 

223.9 

827.8    281.8 

285.9    239.9    844.0 

848,8 

258.3 

9 

256.6 

260.7 

265.0 

269.8    278.6 

877.9    888.8    886.6 

291.1 

896.6 

10 

800.0 

304.6 

809.1 

813.6    318.8 

822.9    387.5    832.8 

887.0 

841.7 

11 

846.5 

851.3 

856.2 

861.0    865.9 

870.9    375.8    880.8 

385.9 

890.9 

12 

896.0 

401.1 

406.8 

411.4    416.6 

421.9    427.1    432.4 

487.8 

443.1 

18 

448.5 

453.9 

459.4 

464.8    470.8 

475.9    481.4    487.0 

492.7 

498.3 

14 

504.0 

509.7 

515.6 

621.8    687.0 

632.9    638.7    544.6 

650.6 

666.6 

16 

562.5 

568.6 

674.6 

680.6    586.7 

598.9    599.0    605.8 

611.5 

6177 

16 

624.0 

630.8 

686.7 

643.0    649.4 

665.9    662.8    668.8 

675.4 

681.9 

17 

6885 

695.1 

701.8 

708.4    715.1 

721.9    728.6    735.4 

748.3 

749.1 

18 

756.0 

762.9 

769.9 

776.8    788.8 

790.9    797.9    805.0 

812.8 

819.3 

19 

826.5 

833.7 

841.0 

848.8    855.6 

862  9    870.8    877.6 

885.1 

8986 

20 

900.0 

907.5 

915.1 

922.6  ^980.3 

937.9    945.6    953.2 

O61.O 

968.7 

21 

9T6.5 

984.8 

992.8  1000.0  1007.9  1015.9  1023.8  1031.8  1089.9  1047.91 

22 

1056.0  1064.1  1072.8  1080.4  1088.6  1096  9  1105.1  1113.4 

1121.8  1180  1 

28 

1138.5 

1146.9  1155.4 

1163.8  1172.3  1180.9  1189.4  1178.0  1206.7  1216.3 

24 

1224.0  1232.7  1241.5  1250.2  1259.0  1267.9  1276.7  1285.6 

1294.6  1303.6 

26 

1812.5  1321.6  1330.6  1339.6  1848.7  1357.9  1867.0  1876.2 

1385  6  1394  7 

26 

1404.0  1413.3  1422.7  1432.0  1441.4  1450.9  1460.3  1469.8  1479.4  1488.91 

27 

1498.6 

1508.1 

1517.8  1527.4  1537.1 

1546.9  1556.6  1566.4  1576.S  1&R6.1 

28 

1596.0  1605.9  1615.9  1625.8  1635.8  1645.9  1655.9  1666:5  Vm.2  leMisI 

29 

1696.5  1706.7  1717.0  1727;8  1737.5^ 

il47.9  17.'i8.8  1768.6  1779.1  1789.5 

TABLE  XVII.— AREAS  OF  LEVEL  SECTIONS     447 
Base,  26  =  28  feet.    Side  slopee  U  to  1. 


O.H. 

.0 

.1 

.2         .6         .4          .5        .6         .7         .8         .9 

0 
1 
2 

S 

4 

0.0 
29.5 
62.0 
07.6 
186.0 

2.8 
82.6 
65.4 
101.2 
140.C 

5.7       8.5      11.4      14.4      17.8     20.8     28.4     26.4 

85.8  88.9      42.1      45.4      48.6      51.9     55.3     58.6 

68.9  72.3      75.8      79.4      88.9      86.5     90.2     93.8 

105.0  108.7     112.6     116.4    120.2    124.1     128.1    182.0 

144.1  148.1     152.2     156.4    160.5    164.7    169.0    173.2 

6 
6 
7 

S 

177.6 
2^.0 
269.5 
8:i0.0 
373.5 

181.8 
226.6 
274.4 
825.2 
879.0 

186.2    190.6    194.9    199.4    203.8    208.8    212.9    217.4 
231.8    235.9    240.6    245.4    250.1    254.9    269.8    264.0 

279.4  284.8    289.3    294.4    299.4    804  5    309.7    814.8 

330.5  335.7    341.0    346  4    851.7    357.1    362.6    868.0 

884.6  390.1    395.7    401.4    407.0    412.7    418.5    424.81 

10 

11 

18 
IS 
14 

430.0 
489.5 
563.0 
617.5 
686.0 

436.8 
495.6 
558.4 
624.2 
693.0 

441.7  447.5    453.4    450.4    465.8    471.8    477.4    483.^ 

501.8  507.0    514.1     520.4    526.6    532.0    539.3    545.6 

664.9  571.8    577.8    684.4    590.9    597.5    604.2    610.8 

681.0  637.7    644.5    651.4    658.2    665.1    672.1    679.0 

700.1  707.1    714.2    721.4    728.5    736.7    743  0    750.5 

15 
16 
17 
18 
19 

757.6    764.8    772.2    779.6    786.9    794.4    801.8    809.8    816.9    824.4 
882.0    839.6    847.8    854.9    862.6    870.4    878.1    885.9    898.8    901.6 
909.5    917.4    925.4    938.3    941.3    949.4    957.4    965.6    973.7    961.8 
990.0    998.2  1006.6  1014.7  1023.0  1031.4  1039.7  1048.1  1056.6  1065.0 
1073.5  1082.0  1090.6  1099.1  1107.7  1116.4  1125.0  1138.7  1142.5  1151.2 

1? 

28 

2S 
84 

1160.0  1168.8  1177.7  1186.6  1195.4  1204.4  1213.8  1222.8  1281.4  1240.4 
1240.5  1258.6  1267.8  1276.0  1286.1  K>95.4  1804.6  1313  9  1323.8  1882.6 
1342.0  1851.4  1360.9  1370.8  1379.8  1389.4  1398.9  1408.6  1418.2  1427.8 
1487.5  1447.2  1457.0  1466.7  1476.5  1486.4  1496.2  1506.1  1516.1  1526.0 
1536.0  1546.0  1556.1  1666.1  1576.2  1586.4  1596.5  1606.7  1617.0  1627.2 

25 
26 

27 
28 
29 

1687.5  1647.8  1658  2  1668.5  1678.9  1689.4  1699.8  1710.8  1720.9  1781.4 
1742.0  17552.6  1768.3  1773.9  1784.6  1795.4  1806.1  1816.9  1827.8  1838.6 

1849.5  1860.4  1871.4  1882  3  1898.3  1904.4  1915.4  1926.5  1987.7  1948.8 
1960.0  1971.2  1962.5  1993  7  2005.0  2016.4  2027.7  2039.1  2050.6  2062.0 

2073.6  2085  0  2096.6  2108.1  2119.7  2131.4  2143.0  2154.7  2166.5  2178.3 

Base,  26 

=  18  feet.    Side  slopes  1  to  1. 

O.H. 

.0 

.1 

.2 

.8 

.4 

.6 

.6 

.7 

.8 

.9 

0 

0.0 

1.8 

3.6 

5.5 

7.4 

9.3 

11.2 

18.1 

15.0 

17.0 

1 

19.0 

21.0 

28.0 

25.1 

27.2 

29.3 

31.4 

83.5 

85.6 

37.8 

2 

40.0 

42.2 

44.4 

46.7 

49.0 

51.3 

58.6 

55.9 

58.2 

60.6 

8 

68.0 

65.4 

67.8 

70.8 

72.8 

75.3 

77.8 

80.3 

82.8 

85.4 

4 

88.0 

90.6 

93.2 

95.0 

96.6 

101.3 

104.0 

106.7 

109.4 

112.2 

5 

115.0 

117.8 

120.6 

123.5 

126.4 

129.8 

182.2 

185.1 

188.0 

141.0 

6 

144.0 

147.0 

150.0 

158.1 

156.2 

159.8 

162.4 

165.5 

168.6 

171.8 

7 

175.0 

178.2 

181.4 

184.7 

188.0 

191.8 

194.6 

197.9 

201.2 

204.6 

8 

208.0 

211.4 

214.8 

218.3 

281  8 

226.3 

2288 

282.3 

286.8 

289.4 

9 

243.0 

246.6 

250.2 

258.0 

257.6 

261.3 

266.0 

268.7 

272.4 

276.2 

10 

280.0 

288.8 

287.6 

291.6 

295.4 

299.3 

308.2 

807.1 

811.0 

315.0 

11 

819.0 

823.0 

827.0 

831.1 

385.2 

839.3 

343.4 

847.5 

851.6 

895.8 

12 

360.0 

364.2 

868.4 

872.7 

877.0 

881.3 

865.6 

388.9 

894.2 

808.6 

18 

406.0 

4074 

411.8 

416.3 

480.8 

485.3 

429.8 

484.3 

488.8 

443.4 

14 

448.0 

452.6 

457.8 

461.9 

466.6 

471.8 

476.0 

480.7 

485.4 

490.2 

!{ 

495.0 

499.8 

604.6 

509.6 

514.4 

519.8 

524.2 

529.1 

534.0 

539.0 

1$ 

544.0 

649.0 

554.0 

559.1 

564.2 

569.3 

574.4 

579.5 

584.6 

689.8 

17 

595.0 

600.2 

605.4 

610.7 

616.0 

621.3 

626.6 

681.9 

637  2 

642.6 

18 

648.0 

6534 

658.8 

664.3 

669.8 

675.3 

680.8 

686.3 

691.8 

697.4 

19 

703.0 

708.6 

714.2 

719.9 

725.6 

781.8 

787.0 

742.7 

748.4 

754.2 

20 

760.0 

765.8 

771.6 

777.5 

788.4 

789.8 

795.2 

801.1 

807.0 

813.0 

21 

819.0 

885.0 

881.0 

887.1 

843.2 

849.8 

865.4 

861.5 

867.6 

878.8 

22 

880.0 

886.2 

898.4 

898.7 

905.0 

911.3 

917.6 

923.9 

930.2 

986.6 

28 

948.0 

949.4 

955.8 

962.3 

968.8 

975.8 

961.8 

988.3 

994.8  1001.41 

24 

1006.0  1014.6  1021.2  1027  9  1034.6  1041.8  1048.0  1054.7  1061.4  1068.2 1 

25 

1075  0  1081.8 

1088.6  1095.5 

1102.4 

1109.3  1116.2  1123.1 

1180  0  1187.0 

26 

11440 

1151.0 

1158.0  1165  1 

1172.2 

11798 

1186.4  1193.5  1800.6  1207.8 

27 

1216.0 

1222.2 

1229.4 

1236.7 

1244.0 

1251.3  1258.6  1265.9  1273.2  1280.61 

28 

1288.0  1295  4  1302.8  1810.8  1317.8  1325.3  1382.8  1840.3  1347.8  1856.41 

29 

1868.0  1370.6  1378.2  1385.9  1398.6  1401.3  1409.0  1416.7  1484.4  1488.8 

48    TABLE  XVII. -AREAS  OF  LEVEL  SECTIONS. 
Base,  86  =  20  feet.    Side  slopes  1  to  1. 


3.H. 

.0 

.1 

.2 

.S 

.4 

.6 

.6 

.7 

.8 

.9 

0 

0.0 

2.0 

4.0 

6.1 

8.8 

10.8 

12.4 

14.5 

16.6 

18.8 

1 

81.0 

83.2 

S6.4 

27.7 

80.0 

82.3 

84.6 

86.9 

89.8 

41.6 

2 

44.0 

46.4 

48.8 

51.8 

53.8 

56.3 

58.8 

61.8 

63.8 

66.4 

8 

69.0 

71.6 

74.8 

76.9 

79.6 

82.8 

85.0 

87.7 

90.4 

93.8 

4 

96.0 

98.8 

101.6 

104.5 

107.4 

110.8 

118.8 

116.1 

119.0 

188.0 

6 

125.0 

128.0 

131.0 

134.1 

187.8 

140.3 

143.4 

146.5 

J49.6 

158.8 

6 

156.0 

159.2 

162.4 

165.7 

169.0 

172.8 

175.6 

178.9 

188.2 

185.6 

7 

189.0 

192.4 

195.8 

199.3 

202.8 

206.3 

209.8 

218.8 

216.8 

820.4 

8 

224.0 

227.6 

231.2 

234.9 

238.6 

242.3 

246.0 

849.7 

253.4 

857.8 

9 

261.0 

264.8 

268.6 

272.5 

276.4 

280.8 

284.2 

888.1 

292.0 

896.0 

10 

800.0 

804.C 

806.0 

818.1 

316.8 

820.8 

824.4 

828.5 

382.6 

886.8 

11 

841.0 

845.2 

849.4 

853.7 

358.0 

862.3 

866.6 

870.9 

875.2 

879.6 

12 

884.0 

888.4 

892.8 

897.3 

401.8 

406.3 

410.8 

415.8 

419.1J 

484.4 

18 

4-29.0 

433.6 

438.2 

442.a 

447.6 

458.3 

457.0 

461.7 

466.4 

471.8 

14 

476.0 

480.8 

485.6 

490.5 

495.4 

500.8 

505.8 

510.1 

515.0 

520.0 

16 

526.0 

580.0 

5.35.0 

•540.1 

545.8 

550.3 

555.4 

560.5 

565.6 

570.8 

16 

676.0 

581.8 

586.4 

591.7 

597.0 

602.3 

607.6 

612.9 

618.2 

688.6 

17 

629.0 

684.4 

689.8 

645.8 

650.8 

656.3 

661.8 

667.3 

672.8 

678.4 

18 

681.0 

689.6 

695.8 

700.9 

706.6 

712.3 

718.0 

723.7 

729.4 

735.8 

19 

741.0 

746.8 

752.6 

758.5 

764.4 

770.8 

776.8 

788.1 

788.0 

794.0 

20 

800.0 

806.0 

812.0 

818.1 

824.2 

830.3 

836.4 

842.5 

848.6 

854.8 

21 

861.0 

867.8 

878.4 

879.7 

886.0 

892.3 

898.6 

904.9 

911.8 

9W.6 

22 

924.0 

980.4 

936.8 

943.3 

949.8 

956.3 

9G2.8 

9693 

975.8 

988.4 

28 

989.0 

995.6 

1002.2  1008.9  1015.6  1022.3  1029.0  1085.7  1042.4  1049.81 

24 

1056.0 

1062.8 

1069.6 

1076.5  1083.4 

1090.3  1097.8  1104.1  1111.0  1118.0 

25 

1125.0 

1132.0 

1189.0  1146.1 

1153.2  1160.8  1167.4  1174.5  1181.6  1188.8 

27 

1196.0 

1203.2 

1210.4  1217.7  1285.0  1232.8  1289.6  1846.9  1254.2  1261.61 

26 

1269.0 

1276.4 

1883.8 

1291.8  1298.8 

1306.3  1318.8  1821.3  1388.8  1836.4 

28 

1344.0 

1351.6 

1859.8  1366.9  1874.6  1382.8  1390.0  1397.7  1405.4  1413.81 

29 

1421.0 

1428.8 

1436.6  1444.5  1452.4  1460.3  1468.2  1476.1  1484.0  1498.0^ 

Base,  26 

=  80  feet.    Side  slopes  1  to  1. 

C.  H. 

.0 

.1 

.2 

.8 

.4 

.5 

.6 

.7 

.8 

.9 

0 

0.0 

8.0 

6.0 

9.1 

12.8 

15.8 

18.4 

21.5 

84.6 

87.8 

1 

81.0 

84.2 

87.4 

40.7 

44.0 

47.3 

50.6 

58.9 

67.8 

60.6 

2 

64.0 

67.4 

70.8 

74.8 

77.8 

81.8 

84.8 

88.3 

91.8 

05.4 

8 

99.0 

102.6 

106.8 

109.9 

113.6 

117.8 

181.0 

124.7 

188.4 

182.8 

4 

136.0 

189.8 

148.6 

147.5 

151.4 

155.3 

159.8 

168.1 

167.0 

171.0 

5 

175.0 

179.0 

188.0 

187.1 

191.8 

195.3 

199.4 

203.5 

807.6 

811.8 

6 

816.0 

820.2 

824.4 

828.7 

233.0 

237.3 

841.6 
885.8 

245.9 

850.8 

854.6 

7 

259.0 

268.4 

867.8 

272.3 

276.8 

281.3 

290.3 

894.8 

899.4 

8 

304.0 

808.6 

813.8 

817.9 

322.6 

327.3 

332.0 

836.7 

841.4 

846.8 

9 

351.0 

855.8 

860.6 

865.5 

870.4 

375.3 

880.8 

885.1 

890.0 

805.0 

10 

400.0 

405.0 

410.0 

415.1 

420.8 

425.3 

480.4 

485.5 

440.6 

445.8 

11 

451.0 

456.2 

461.4 

466.7 

472.0 

477.3 

482.6 

487.9 

498.8 

498.6 

12 

504.0 

609.4 

514.8 

520.3 

525.8 

531.3 

536.8 

548.8 

647.8 

668.4 

18 

559.0 

564.6 

570.8 

575.9 

581.6 

587.3 

596.0 

698.7 

604.4 

610.8 

14 

616.0 

621.8 

627.6 

633.5 

639.4 

645.3 

651.8 

657.1 

668.0 

669.0 

15 

675.0 

681.0 

687.0 

693.1 

699.8 

705.3 

711.4 

717.5 

T88.6 

729.8 

16 

736.0 

742.2 

748.4 

754.7 

761.0 

767.3 

778.6 

779.9 

786.8 

792.6 

17 

799.0 

805.4 

811.8 

818.3 

824.8 

831.3 

837.8 

844.3 

850.8 

857.4 

18 

864.0 

870.6 

877.8 

883.9 

890.6 

897.8 

904.0 

910.7 

917.4 

924.8 

19 

931.0 

987.8 

944.6 

951.5 

958.4 

965.8 

978.8 

979.1 

986.0 

998.0 

20 

1000.0 

1007.0 

1014.0  1021.1  1028.2  1035.3  1042.4  1049.5  1056.6  1068.81 

21 

1071.0 

1078.2 

1085.4 

1092.7  1100.0  1107.3  1114.6  1121.9  1129.2  1186.6 

22 

1144.0 

1151.4 

1158.8  1166.3 

1173.8  1181.8  1188.8  1196.3  1203.8  1811.4 

28 

1219.0 

1226.6 

1234.2  1241.9  1249.6  1257.3  1265.0  1272.7  1280.4  1288.81 

24 

1296.0 

1808.8 

1311.6  1319.5  1327.4  1335.3  1348.8  1&51.1  1859.0  1867.0| 

25 

1875.0 

1388.0 

1891.0  1899.1 

1407.8  1415.3  1428.4  1431.5  1489.6  1447.81 

26 

14560 

1464.2 

1472.4 

1480.7 

1489.0 

1497.3  1505.6  1513.9  1582.8  1680.61 

27 

1539.0 

1517.4 

1555.8 

1564.3 

1572.8 

1581.3  1589.8  1598.8  1606.8  1615.4 

28 

1624.0 

1632.6 

1641.8 

1649.9  1658.6  1667.8  1676.0  1684.7  1608.4  1708.21 

29 

1711.0 

J719JL 

1728.6 

ir37.5 

1746.4 

rm.Z  1764.8  1778.1  17B8.0  mi^O| 

TABLE  XVII.  r- AREAS  OF  LEVEL  SECTIONS.    449 
Base,  2d  =  16  feet.    Side  slopes  j  to  1. 


C.H. 

.0 

.1 

.2 

.8 

.4 

.6 

.6 

.7 

.8 

.9 

0 

0.0 

1.6 

3.2 

4.8 

6.4 

8.1 

9.7 

11.8 

13.0 

14.6 

1 

16.3 

17.9 

19.6 

21.2 

22.9 

24.6 

26.2 

27.9 

29.6 

81.8 

2 

83.0 

34.7 

36.4 

38.1 

89.8 

41.6 

48.3 

45.0 

46.8 

48.5 

8 

50.3 

52.0 

58.8 

55.5 

57.3 

59.1 

60.8 

62.6 

64.4 

66.2 

4 

68.0 

69.8 

71.6 

73.4 

75.2 

77.1 

78.9 

80.7 

826 

84.4 

5 

86.3 

88.1 

90.0 

91.8 

93.7 

95.6 

97.4 

99.3 

101.2 

103.1 

6 

105.0 

106.9 

108.8 

110.7 

112.6 

114.6 

116.5 

118.4 

120.4 

122.3 

7 

124.3 

126.2 

128.2 

130.1 

132.1 

184.1 

136.0 

188.0 

140.0 

142.0 

8 

144.0 

146.0 

148.0 

150.0 

152.0 

154.1 

156.1 

158.1 

160.2 

162.2 

9 

164.3 

166.3 

168.4 

170.4 

172.5 

174.6 

176.6 

178.7 

180.8 

182.9 

10 

185.0 

187.1 

189.2 

191.3 

193.4 

195.6 

197.7 

199.8 

202.0 

204.1 

11 

206.3 

208.4 

210.6 

212.7 

214.9 

217.1 

219.2 

221.4 

223.6 

225.8 

12 

228.0 

230.2 

232.4 

234.6 

286.8 

239.1 

241.3 

248.6 

245.8 

248.0 

13 

250.3 

252.5 

254.8 

257.0 

259.3 

261.6 

263.8 

266.1 

268.4 

270.7 

14 

273.0 

275.3 

277.6 

279.9 

282.2 

284.6 

286.9 

289.2 

291.6 

293.9 

15 

296.3 

298.6 

301.0 

303.3 

305.7 

308.1 

310.4 

812.8 

315.2 

817.6 

16 

330.0 

322.4 

384.8 

327.2 

329.6 

882.1 

384.5 

836.9 

889.4 

341.8 

17 

344.3 

346.7 

349.2 

a51.6 

354.1 

356.6 

859.0 

861.5 

364.0 

366.6 

18 

369.0 

871.5 

874.0 

876.5 

379.0 

381.6 

884.1 

886.6 

889.2 

391.7 

19^ 

394.3 

396.8 

899.4 

401.9 

404.5 

407.1 

409.6 

412.2 

414.8 

417.4 

20 

420.0 

422.6 

425.2 

427.8 

430.4 

433.1 

485.7 

488.8 

441.0 

448.6 

21 

446.3 

448.9 

451.6 

454.2 

456  9 

459.6 

462.2 

464.9 

467.6 

470.8 

22 

473.0 

475.7 

478.4 

481.1 

488.8 

486.6 

489,3 

492.0 

494.8 

497.5 

23 

500.3 

503.0 

505.8 

508.5 

511.3 

514.1 

516.8 

519.6 

622.4 

525.2 

24 

628.0 

530.8 

633.6 

536.4 

539.2 

542.1 

544.9 

647.7 

650.6 

553.4 

25 

666.3 

559.1 

562.0 

564.8 

667.7 

670.6 

678.4 

676.3 

679.2 

682.1 

26 

586.0 

587.9 

590.8 

593.7 

596.6 

599.6 

602.5 

605.4 

608.4 

611.3 

27 

614.3 

617.2 

620.2 

623.1 

626.1 

629.1 

632.0 

635.0 

638.0 

641.0 

28 

644.0 

647.0 

650.0 

653.0 

656.0 

659.1 

662.1 

665.1 

668.2 

671.2 

29 

674.3 

677.3 

680.4 

683.4 

686.5 

689.6 

692.6 

695.7 

698.8 

701.9 

Base,  25 

=  18  feet.    Side  slopes  J  to  1. 

C.H. 

.0 

.1          .2 

.8 

.4 

.5 

.6 

.7 

.8 

.9 

0 

0.0 

1.8       8.6 

6.4 

7.2 

9.1 

10.9 

12.7 

14.6 

16.4 

1 

18.8 

20.1      22.0 

23.8 

25.7 

27.6 

29.4 

81.3 

33.2 

35.1 

2 

87.0 

38.9     40.8 

42.7 

44.6 

46.6 

48.5 

60.4 

52.4 

64.8 

8 

66.3 

68.2     60.2 

62.1 

64.1 

66  1 

68.0 

70.0 

.0 

74.0 

4 

76.0 

78.0     80.0 

82.P 

84.0 

86.1 

88.1 

90.1 

.2 

94.2 

5 

96.8 

98.3    100.4 

102.4 

104.5 

106.6 

108.6 

110.7 

112.8 

114.9 

6 

117.0 

119.1    121.2 

123.3 

125.4 

127.6 

129.7 

131.8 

184.0 

186.1 

7 

138.8 

140.4    142.6 

144.7 

146.9 

149.1 

151.2 

153.4 

155.6 

157.8 

8 

1«0.0 

162.2    164.4 

166.6 

168.8 

171.1 

173.3 

175.5 

177.8 

180.0 

9 

182.3 

184.5    186.8 

189.0 

191.3 

193.6 

195.8 

196.1 

200.4 

202.7 

10 

206.0 

207.3    209.6 

211.9 

214.2 

216.6 

218.9 

221.2 

223.6 

225.9 

11 

228.8 

230.6    283.0 

235.3 

237.7 

240.1 

242.4 

244.8 

247.2 

249.6 

12 

262.0 

254.4    256.8 

259.2 

281.6 

264.1 

266.5 

268.9 

271.4 

273.8 

13 

276.3 

278.7    281.2 

283.6 

286.1 

288.6 

291.0 

293.5 

296.0 

298.5 

14 

301.0 

303.5    306.0 

808.5 

811.0 

313.6 

316.1 

318.6 

321.2 

323.7 

15 

826.3 

328  8    831.4 

833.9 

886.5 

389.1 

341.6 

344.2 

846  8 

849.4 

16 

862.0 

354.6    357.2 

859.8 

862.4 

365.1 

367.7 

870.3 

378  0 

875.6 

17 

878.3 

380.9    383.6 

386.2 

888.9 

391.6 

394.2 

896.9 

3^.6 

402.3 

18 

405.0 

«)7.7    410.4 

413.1 

415.8 

418.6 

421.3 

424  0 

428.8 

429.5 

19 

432.3 

435.0    437.8 

440.5 

443.3 

446.1 

448.8 

451.6 

454.4 

457.2 

20 

460.0 

462.8    465.6 

468.4 

471.2 

474.1 

476.9 

479.7 

482.6 

486.4 

21 

488.8 

491.1    494.0 

496.8 

499.7 

602.6 

605.4 

508.3 

511.2 

514.1 

22 

617.0 

619.9    522.8 

525.7 

528.6 

631.6 

634.5 

537.4 

540.4 

543.3 

23 

646.8 

649.2    552.2 

665.1 

558.1 

661.1 

564.0 

667.0 

570.0 

678.0 

24 

676.0 

679.0    582.0 

585.0 

588.0 

591.1 

594.1 

697.1 

600.2 

603.2 

25 

606.8 

609.8    612.4 

615.4 

618.5 

621.6 

624.6 

627.7 

680.8 

633.9 

26 

637  0 

640.1    643.2 

646.3 

649.4 

652.6 

655.7 

658.8 

662.0 

666.1 

27 

668.8 

671.4    674.6 

677.7 

680.9 

684.1 

687.2 

690.4 

698.6 

696.8 

28 

TOO.O 

708.8    706.4 

709.6 

712.8 

716.1 
748.6 

719.8 

722.6 

725.8 

729.0 

21^ 

782.3 

736.6    738^ 

742.0 

745.3 

761.8 

756.1 

768.4 

761.7 

450    XVIII. — AREA  CORRECTIONS  FOR  3-LEVEL  GROUND- 
Correction  =  (hm  —  ho)U,    (See  «»1.) 

8IDB  SLOPE?  H  TO  1. 


^-^0 

.0 

.1 

.2 

.8 

.4 

.6 

.6 

.7 

.8 

.9    ^ 

0 

1 
2 
8 

0.0 
1.5 
6.0 
13.6 

0.0 

1.8 

6.6 

14.4 

0.1 
2.2 
7.8 
15.4 

0.1 
2.6 
7.9 
16.a 

0.2 

2.9 
8.6 
17.8 

0.4 
8.4 
0.4 
18.4 

0.5 

3.8 
10.1 
19.4 

0.7 

4.3 

10.9 

20.5 

1.0 
4.9 
11.8 
21.7 

1.2 
6.4 

12.6 
22.8 

4 
6 
6 

7 

24.0 
37.5 
54.0 
78.5 

25.2 
89.0 
55.8 
75.6 

26.5 
40.6 

57.7 
77.8 

27.7 
42.1 
59.6 
79.9 

29.0 
43.7 
61.4 
82.1 

80.4 
45.4 
63.4 

84.4 

81.7 
47.0 
65.8 
86.6 

^.1 

48.7 
67.3 
88.9 

84.6 
50.5 
69.4 
91.3 

36.0 
52.2 

71.4 
93.6 

8 

9 

10 

11 

96.0 
121.5 
150.0 
181.5 

08,4 
124.2 
153.0 
184.8 

100.9 
127.0 
156.1 
188.2 

103.3 
129.7 
159.1 
191.5 

105.8 
132.5 
162.2 
194.^ 

108.4 
135.4 
165.4 
198.4 

110.9 
138.2 
168.5 
201.8 

113.6 
141.1 
171.7 
205.3 

116.2 
144.1 
175.0 
206.9 

118.8 
147.0 

178.2    , 
212.4    1 

SIDE  SLOPES  1  TO  1. 


hm-ho 

.0 

.1 

.2 

.8 

.4 

.6 

.6 

.7 

.8 

.9 

0.0 

0.0 

0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.8 

1.0 

1.2 

1.4 

1.7 

2.0 

2.8 

2.6 

2.9 

3.2 

8.6 

4.0 

4.4 

4.8 

5.8 

5.8 

6.3 

6.8 

7.3 

7.8 

8.4 

9.0 

9.6 

10.2 

10.9 

11.6 

12.3 

13.0 

13.7 

14.4 

15.2 

16.0 

16.8 

17.6 

18.6 

19.4 

20.8 

21.2 

22.1 

23.0 

24.0 

26.0 

26.0 

27.0 

28.1 

29.2 

80.8 

31.4 

82.6 

33.6 

34.8 

36.0 

37.2 

38.4 

39.7 

41.0 

42.3 

43.6 

44.9 

46.2 

47.6 

49.0 

50.4 

51.8 

53.3 

54.8 

56.8 

57.8 

59.3 

60.8 

62.4 

64.0 

65.6 

67.2 

68.9 

70.6 

72.8 

74.0 

75.7 

77.4 

79.2 

81.0 

82.8 

84.6 

86.5 

88.4 

90.8 

92.2 

94.1 

96.0 

98.0 

10 

100.0 

102.0 

104.0 

106.1 

108.2 

110.8 

112.4 

114.5 

116.6 

118.8 

11 

121.0 

123.2 

125.4 

127.7 

l.SO.O 

132.3 

134.6 

136.9 

139.2 

141.6 

SIDE  SLOPES  1 

TO  1. 

htn-ho 

.0 

.1 

.2 

.8 

.4 

.6 

.6 

.7 

.8 

.9 

0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.1 

0.2 

0.2 

0.3 

0.4 

1 

0.5 

0.6 

0.7 

0.8 

1.0 

1.1 

1.3 

1.4 

1.6 

1.8 

2 

2.0 

2.2 

2.4 

2.6 

2.9 

3.1 

3.4 

3.6 

3.9 

4.2 

8 

4.5 

4.8 

5.1 

6.4 

6.8 

6.1 

6.5 

6.8 

7.2 

T.6 

4 

8.0 

8.4 

8.8 

9.2 

9.7 

10.1 

10.6 

11.0 

11.5 

12.0 

6 

12.5 

13.0 

13.5 

14.0 

14  6 

15.1 

15.7 

16.2 

16.8 

17.4 

6 

18.0 

18.6 

19.2 

19.8 

20.6 

21.1 

21.8 

22.4 

23.1 

23.8 

7 

24.5 

25.2 

25.9 

26.6 

27.4 

28.1 

28.9 

29.6 

80.4 

81.2 

8 

32.0 

32.8 

83.6 

344 

.35.3 

36.1 

87.0 

37.8 

88.7 

39.6 

9 

40.5 

41.4 

42.3 

43.2 

44.2 

45.1 

46.1 

47.0 

48.0 

49.0 

10 

500 

51.0 

52.0 

53.0 

54.1 

55.1 

56.2 

57.2 

58.8 

59.4 

11 

60.5 

61.6 

62.7 

68.8 

65.0 

66.1 

67.8 

68.4 

69.6 

70.8 

SIDB  SLOPES  J  TO  1. 

hm-ho 

.0 

.1 

.2 

.8 

.4 

.6 

.6 

.7 

.8 

.9 

0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.1 

0.1 

0.2 

0.2 

1 

0.3 

0.8 

0.4 

0.4 

0.5 

0.6 

0.6 

0.7 

0.8 

0.9 

2 

1.0 

1.1 

1.2 

1.8 

1.4 

1.6 

1.7 

1.8 

2.0 

2.1 

3 

23 

2.4 

2.6 

2.7 

2.9 

3.1 

3.2. 

3.4 

3.6 

8.8 

4 

40 

4.2 

4.4 

4.6 

4.8 

6.1 

6.8 

6.6 

6.8 

6.0 

5 

68 

6.5 

6.8 

7.0 

7.8 

7.6 

7.8 

8.1 

8.4 

8.7 

6 

9.0 

98 

9.6 

9.9 

10.2 

10.6 

10.9 

11.2 

11.6 

11.9 

7 

12.3 

12.6 

13.0 

13.3 

13.7 

14.1 

14.4 

14.8 

15.2 

15.6 

8 

16.0 

16.4 

16.8 

17.2 

17.6 

18.1 

18.6 

18.9 

19.4 

19.8 

9 

20.8 

20.7 

21.2 

21.6 

22.1 

22.6 

23.0 

28.5 

24.0 

24.6 

10 

25.0 

26.6 

26.0 

26.5 

27.0 

27.6 

28.1 

28.6 

29.2 

29.7 

11 

30.8 

80.8 

21.4 

31.9 

32.6 

33.1 

38.6 

34.2 

84.8 

86.4 

TABLE  XIX.— CU. 

YDS. 

PER  100  FT. 

SLOPES  }i  TO  1. 

451 

Ht. 

in 

Ft. 

Width  of  base  (  =26)  in  feet.                                     | 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

0.1 

6.2 

5.9 

6.7 

7.4 

8.2 

8.9 

9.6 

10.4 

11.1 

11.9 

.2 

10.4 

11.9 

13.4 

14.9 

16.3 

17.8 

19.3 

20.8 

22.3 

23.7 

.3 

16.6 

17.9 

20.1 

22.3 

24.6 

26.8 

29.0 

31.2 

33.4 

36.6 

.4 

20.9 

23.9 

26.8 

29.8 

32.7 

35.7 

38.7 

41.6 

44.6 

47.5 

.6 

26.2 

29.9 

33.6 

37.3 

41.0 

44.7 

48.4 

52.1 

55.8 

59.5 

.6 

31.4 

35.9 

40.3 

44.8 

49.2 

63.7 

58.1 

62.6 

67.0 

71.4 

.7 

36.7 

41.9 

47.1 

62.3 

57.5 

62.7 

67.9 

73.1 

78.3 

83.4 

.8 

42.1 

48.0 

53.9 

59.9 

65.8 

71.7 

77.6 

83.6 

89.5 

95.4 

.9 

47.8 

54.1 

60.8 

67.4 

74.1 

80.8 

87.4 

94.1 

100.8 

107.4 

1.0 

52.8 

60.2 

67.6 

75.0 

82.4 

89.8 

97.2 

104.6 

112.0 

119.4 

1.1 

68.2 

66.3 

74.5 

82.6 

90.8 

98.9 

107.1 

115.2 

123.3 

131  5 

.2 

63.6 

72.4 

81.3 

90.2 

99.1 

108.0 

116.9 

125.8 

134.7 

143.6 

.3 

69.0 

78.6 

88.2 

97.9 

107.5 

117.1 

126.8 

136.4 

146.0 

155.6 

.4 

74.4 

84.8 

95.1 

105.5 

115.9 

126.3 

136.6 

147.0 

157.4 

167.7 

.5 

79.9 

91.0 

102.1 

113.2 

124.3 

135.4 

146.5 

157.6 

168.8 

179.9 

.6 

86.3 

97.2 

109.0 

120.9 

132.7 

144.6 

156.4 

168.3 

180.1 

192.0 

.7 

90.8 

103.4 

116.0 

128.6 

141.2 

153.8 

166.4 

179.0 

191.6 

204.1 

.8 

96.3 

109.7 

123.0 

136.3 

149.7 

163.0 

176.3 

189.7 

203.0 

216.3 

.9 

101.9 

115.9 

130.0 

144.1 

157.3 

172.2 

186.3 

200.4 

214.4 

228.5 

2.0 

107.4 

122.2 

137.0 

151.9 

166.7 

181.5 

196.3 

211.1 

225.9 

240.7 

2.1 

113.0 

128.5 

144.1 

159.6 

175.2 

190.8 

206.3 

221.9 

237.4 

253.0 

.2 

118.6 

134.9 

151.1 

167.4 

183.7 

200.0 

216.3 

232.6 

248.9 

256.2 

.3 

124.2 

141.2 

158.2 

175.3 

192.3 

209.3 

226.4 

243.4 

260.4 

277.5 

.4 

129.8 

147.6 

165.3 

183.1 

200.9 

218.7 

236.4 

254.2 

272.0 

289.7 

.6 

135.4 

163.9 

172.5 

191.0 

209.6 

228.0 

246.5 

265.0 

283.5 

302.0 

.6 

141.1 

160.3 

179.6 

198.9 

218.1 

230.0 

256.6 

275.9 

295.1 

314.4 

.7 

146.7 

166.7 

186.8 

206.8 

226.8 

246.8 

266.8 

286.8 

306.8 

326.8 

.8 

152.4 

173.1 

193.9 

214.7 

235.4 

266.2 

276.9 

297.6 

318.4 

339.1 

.9 

158.2 

179.6 

201.1 

222.6 

244.1 

265.6 

287.0 

308.5 

330.0 

351.5 

3.0 

163.9 

186.1 

208.3 

230.6 

252.8 

275.0 

297.2 

319.4 

341.7 

363.9 

3.1 

169.6 

192.6 

215.6 

238.5 

261.5 

284.4 

307.4 

330.4 

353.3 

376.3 

.2 

175.4 

199.1 

222.8 

246.5 

270.2 

293.9 

317.6 

341.3 

365.0 

388.7 

.3 

181.2 

205.6 

230.1 

254.5 

279.0 

303.4 

327.9 

351.9 

376.3 

400.8 

.4 

187.0 

212.2 

237.4 

262.6 

287.7 

312.9 

338.1 

363.3 

388.5 

413.6 

.5 

192.8 

218.7 

244.7 

270.6 

296.5 

322.  i 

348.4 

374.3 

400.2 

426.1 

.6 

198.7 

225.3 

252.0 

278.7 

305.3 

332.0 

358.7 

385.3 

412.0 

438.6 

.7 

204.5 

231.9 

259.3 

286.8 

314.1 

341.6 

369.0 

396.4 

423.8 

451.2 

.8 

210.4 

238.5 

266.7 

294.9 

322.3 

350.4 

378.6 

406.7 

434.9 

463.0 

.9 

216.3 

245.2 

274.1 

303.0 

331.8 

360.7 

389.6 

418.5 

447.4 

476.3 

4.0 

222.2 

251.9 

281.5 

311.1 

340.7 

370.4 

400.0 

429.6 

459.2 

488.8 

4.1 

228.2 

258.5 

288.9 

319.3 

349.7 

380.1 

410.4 

440.8 

471.1 

501.5 

.2 

234.1 

265.2 

296.3 

327.4 

358.5 

389.6 

420.7 

451.8 

482.9 

514.0 

.3 

240.1 

272.0 

303.8 

335.6 

367.5 

399.3 

431.2 

463.0 

494.9 

626.7 

.4 

246.1 

278.7 

311.3 

343.9 

376.4 

409.0 

441.6 

474.2 

506.8 

539.4 

1.6 

252.1 

285.4 

318.8 

352.1 

385.4 

418.7 

452.1 

485.4 

618.7 

552.1 

.6 

258.1 

292.2 

326.3 

360.3 

394.4 

428.5 

462.5 

496.6 

530.7 

564.8 

.7 

264.2 

299.0 

333.8 

.368.6 

403.4 

438.2 

473.0 

507.8 

542.6 

677.5 

.8 

270.2 

305.8 

341.3 

376.9 

412.4 

448.0 

483.5 

519.1 

554.6 

590.2 

.9 

276.3 

312.6 

348.9 

385.2 

421.5 

467.8 

494.1 

530.3 

566.6 

602.9 

6.0 

282.4 

319.4 

366.5 

393.5 

430.6 

467.6 

504.6 

641.7 

578.7 

615.7 

6.1 

288.5 

326.3 

364.1 

401.9 

439.6 

477.4 
487.3 

615.2 

553.0 

590.7 

628.5 

.2 

294.7 

333.2 

371.7 

410.2 

448.7 

625.8 

564.3 

602.8 

641.3 

.3 

300.8 

340.1 

379.3 

418.6 

467.9 

497.1 

536.4 

575.6 

614.9 

654.1 

.4 

307.0 

347.0 

387.0 

427.0 

467.0 

507.0 

547.0 

587.0 

627.0 

667.0 

.6 

313.2 

353.9 

394.7 

435.4 

476.2 

516.9 

557.6 

598.4 

639.1 

679.8 

.6 

319.4 

360.9 

402.4 

443.9 

485.3 

526.8 

668.3 

•609.7 

651.2 

692.7 

.7 

325.6 

367.9 

410.1 

452.3 

494.5 

536.8 

679.0 

621.2 

663.4 

705.6 

.8 

331.9 

374.8 

417.8 

460.8 

503.7 

546.7 

589.7 

632.6 

675.6 

718.5 

.9 

338.2 

331.9 

425.6 

469.3 

513.0 

556.7 

600.4 

644.1 

687.8 

731.6 

6.0 

344.4 

388.9 

433.3 

477.8 

522.2 

666.7 

611.1 

665.6 

700.0 

744.4 

452 

TABLE  XIX.— CU.  YDS.  PER  100  FT.    SLOPES  Ji  TO  1. 

Ht. 

in 
Ft. 

Width  of  base  ( =26)  in  feet. 

14 

16 

18 

20 

22 

24 

26 

28 

30 

S2 

6.1 

350.8 

395.9 

441.1 

486.3 

531.5 

676.7 

621.9 

667.0 

712.2 

757.4 

.2 

357.1 

403.0 

448.9 

494.9 

640.8 

686.7 

632.6 

678.6 

724.5 

770.4 

.3 

363.4 

410.1 

456.8 

503.4 

550.1 

596.8 

643.4 

690.1 

736.8 

783.4 

.4 

369.8 

417.2 

464.6 

512.0 

559.4 

606.8 

654.2 

701.6 

749.1 

796.6 

.6 

376.2 

424.3 

472.6 

520.6 

568.8 

616.9 

666.1 

713.2 

761.4 

809. S 

.6 

382.6 

431.4 

480.3 

629.2 

678.1 

627.0 

676.9 

724.8 

773.7 

822.61 

.7 

389.0 

438.6 

488.2 

537.9 

687.6 

637.1 

686.8 

736.4 

786.0 

835.  C 

.8 

395.4 

445.8 

496.1 

546.5 

596.9 

647.3 

697.6 

748.0 

798.4 

848.7 

.9 

401.9 

453.0 

504.1 

565.2 

606.3 

667.4 

708.5 

759.6 

810.8 

861.9 

7.0 

408.3 

460.2 

612.0 

563.9 

615.7 

667.6 

719.4 

771.3 

823.1 

875.0 

7.1 

414.8 

467.4 

620.0 

572.6 

626.2 

677.8 

730.4 

783.0 

835.6 

888.1 

.2 

421.3 

474.7 

528.0 

681.3 

634.7 

688.0 

741.3 

794.7 

848.0 

901.3 

.3 

427.9 

481.9 

536.0 

690.1 

644.2 

698.2 

752.3 

806.4 

860.4 

914.5 

.4 

434.4 

489.2 

544.0 

598.9 

663.7 

708.6 

763.3 

818.1 

872.9 

927.7 

.6 

441.0 

496.5 

552.1 

607.6 

663.2 

718.8 

774.3 

829.9 

885.4 

941.0 

.6 

447.6 

503.9 

560.1 

616.4 

672.7 

729.0 

785.3 

841.6 

897.9 

954.2 

.7 

454.2 

511.2 

568.2 

625.3 

682.3 

739.3 

796.4 

853.4 

910.6 

967.6 

.8 

460.8 

518.6 

576.3 

634.1 

691.9 

749.7 

807.6 

865.2 

923.0 

980.8 

.9 

467.4 

525.9 

584.5 

643.0 

701.5 

760.0 

818.6 

877.0 

936.5 

994.0 

8.0 

474.1 

533.3 

592.6 

661.9 

711.1 

770.4 

829.6 

888.9 

948.2 

1007.4 

8.1 

480.8 

540.8 

600.8 

660.8 

720.7 

780.7 

840.-7 

900.7 

960.7 

102O.7 

.2 

487.5 

548.2 

608.9 

669.7 

730.4 

791.2 

861.9 

912.6 

973.4 

1034.1 

.3 

494.2 

555.6 

617.1 

678.6 

740.1 

801.6 

863.0 

924.5 

986.0 

1047.6 

.4 

500.9 

563.1 

626.3 

687.6 

749.8 

812.0 

874.2 

936.4 

998.7 

1060.9 

.6 

507.7 

670.6 

633.6 

696.5 

759.5 

822.6 

885.4 

948.4 

1011.3 

1074.3 

.6 

514.4 

578.1 

641.8 

706.5 

769.2 

832.9 

896.6 

960.3 

1024.0 

1087.7 

.7 

621.2 

585.6 

650.1 

714.5 

779.0 

843.4 

907.9 

972.3 

1036.7 

1101.2 

.8 

528.0 

593.2 

658.4 

723.6 

788.7 

863.9 

919.1 

984.3 

1049.6 

1114.6 

.9 

534.9 

600.8 

666.7 

732.6 

798.5 

864.6 

930.4 

996.3 

1062.2 

1128.1 

9.0 

541.7 

608.3 

675.0 

741.7 

808.3 

876.0 

941.7 

1008.3 

1075.0 

1141.7 

9.1 

648.6 

615.9 

683.3 

750.8 

818.2 

885.6 

953.0 

1020.4 

1087.8 

1155.2 

.2 

655.4 

623.6 

691.7 

759.9 

828.0 

896.2 

964.3 

1032.5 

1100.6 

1168.8 

.3 

562.3 

.631.2 

700.1 

769.0 

837.9 

906.8 

976.6 

1044.5 

1113.4 

1182.3 

.4 

569.2 

638.8 

708.5 

778.1 

847.7 

917.4 

987.0 

1056.6 

1126.3 

1195.9 

.6 

676.2 

646.6 

716.9 

787.3 

857.6 

928.0 

998.4 

1068.8 

1141.8 

1212.2 

.6 

583.1 

654.2 

725.3 

796.4 

867.6 

938.7 

1009.8 

1089.9 

1162.0 

1223.1 

.7 

590.1 

661.9 

733.8 

805.6 

877.5 

949.3 

1021.2 

1093.0 

1164.9 

1236.7 

.8 

597.1 

669.6 

742.3 

814.9 

887.4 

960.0 

1032.6 

1105.2 

1177.8 

1250.4 

.9 

604.1 

677.4 

750.8 

824.1 

897.4 

970.8 

1044.1 

1117.4 

1190.7 

1264.1 

10.0 

611.2 

685.2 

759.3 

833.3 

907.4 

981.5 

1055.6 

1129.6 

1203.7 

1277.8 

10.1 

618.2 

693.0 

767.8 

8^2.6 

917.4 

992.2 

1067.1 

1141.9 

1216.7 

1291.6 

.2 

625.2 

700.8 

776.3 

851.9 

927.4 

1003.0 

1078.6 

1154.1 

1229.7 

1305.2 

.3 

632.3 

708.6 

784.9 

861.2 

937.5 

1013.8 

1090.1 

1166.4 

1242.7 

1319.0 

.4 

639.4 

716.4 

793.6 

870.5 

947.6 

1024.6 

1101.6 

1178.7 

1255.7 

1332.8 

.6 

646.5 

724.3 

802.1 

879.9 

957.6 

1035.4 

1113.2 

1191.0 

1268.8 

1346.5 

.6 

653.7 

732.2 

810.7 

889.2 

967.7 

1046.3 

1124.8 

1203.3 

1281.8 

1360.3 

.7 

660.8 

740.1 

819.3 

898.6 

977.9 

1057.1 

1136.4 

1215.6 

1294.9 

1374.2 

.8 

668.0 

748.0 

828.0 

908.0 

988.0 

1068.0 

1148.0 

1228.0 

1308.0 

1388.2 

.9 

676.2 

755.9 

836.7 

917.4 

998.2 

1078.9 

1159.6 

1240.4 

1321.1 

1401.9 

11.0 

682.4 

763.9 

845.4 

926.9 

1008.3 

1089.8 

1171.3 

1262.8 

1334.3 

1415.7 

11.1 

689.6 

771.9 

854.1 

93fr.3 

1018.5 

1100.7 

1183.0 

1266.2 

1347.4 

1429.6 

.2 

696.9 

779.9 

862.8 

946.8 

1028.7 

1111.7 

1194.7 

1277.6 

1360.6 

1443.6 

.3 

704.2 

787.9 

871.6 

955.3 

1039.0 

1122.7 

1206.4 

1290.1 

1373.8 

1457.5 

.4 

711.6 

795.9 

880.3 

964.8 

1049.2 

1133.7 

1218.1 

1302.6 

1387.0 

1471.4 

.5 

718.8 

803.9 

889.1 

974.3 

1059.5 

1144.7 

1229.9 

1315.0 

1400.2 

1485.4 

.6 

726.1 

812.0 

897.9 

983.9 

1069.8 

1155.7 

1240.6 

1326.6 

1412.6 

1498.4 

.7 

733.4 

820.1 

906.8 

993.4 

1080.1 

1166.8 

1253.4 

1340.1 

1426.8 

1513.4 

.8 

740.8 

828.2 

915.6 

1003.0 

1090.4 

1177.8 

1265.2 

1352.6 

1440.0 

1527.6 

.9 

748.2 

836.3 

924.5 

1012.6 

1100.8 

1188.9 

1277.1 

1366.2 

1453  4 

1541.6 

12.0   755.6 

844.4 

933.3 

1022.2    1111.1 

1200.0 

1288.9 

1377.8 

1466.7 

1555.6 

TABLE  X1X.--CU.  YDS.  PER  100  FT 

SLOPES  Ji  TO  1. 

453 

Ht. 
in 
Ft. 

Width  of  base  (  »26)  in  feet.               | 

14 

!• 

18 

SO 

21 

24 

2« 

28 

SO 

ss 

12.1 

763.0 

852.6 

942.2 

1031.9 

1121.6 

1211.1 

1300.8 

1390.4 

1480.0 

1559.6 

.2 

770.4 

860.8 

951.1 

1041.5 

1131.9 

1222.3 

1312.6 

1403.0 

1493.4 

1683.7 

.3 

777.9 

860.0 

960.1 

1051.2 

1142.3 

1233.4 

1324.6 

1415.6 

1506.7 

1597.9 

.4 

785.3 

877.2 

969.0 

1060.9 

1162.7 

1244.6 

1336.4 

1428.3 

1620.1 

1612.0 

.6 

792.8 

885.4 

978.0 

1070.6 

1163.2 

1266.8 

1348.4 

1441.0 

1533.6 

1626. 1 

.6 

800.4 

893.7 

987.0 

1080.3 

1173.7 

1267.0 

1360.3 

1463.7 

1547.0 

1640.3 

.7 

807.9 

901.9 

996.0 

1090.1 

1184.2 

1278.2 

1372.3 

1466.4 

1660.4 

1664.6 

.8 

815.4 

910.2 

1005.0 

1099.9 

1194.7 

1289.5 

1384.3 

1479.1 

1573.9 

1668.7 

.9 

823.0 

918.5 

1014.1 

1109.6 

1205.2 

1300.8 

1396.3 

1491.9 

1587.4 

1683.0 

13.0 

830.6 

926.9 

1023.1 

1119.4 

1216.7 

1312.0 

1408.3 

1504.6 

1600.9 

1697.2 

13.1 

838.2 

935.2 

1032.2 

1129.3 

1226.3 

1323.3 

1420.4 

1517.4 

1614.6 

1711.6 

.2 

845.8 

943.6 

1041.8 

1139.1 

1236.9 

1335.7 

1432.6 

1530.2 

1628.0 

1725.8 

.3 

853.4 

951.9 

1050.6 

1149.0 

1247.6 

1346.0 

1444.5 

1543.1 

1641.6 

1740.1 

.4 

861.1 

960.3 

1059.6 

1158.9 

1258  1 

1357.4 

1456.6 

1655.9 

1666.2 

1764.4 

.5 

868.7 

968.7 

1068.8 

1168.8 

1268.8 

1368.8 

1468.8 

1568.8 

1668.8 

1768.8 

.6 

876.4 

977.2 

1077.9 

1178.7 

1279.4 

1380.1 

1480.9 

1581.6 

1682.4 

1783.1 

.7 

884.2 

985.6 

1087.1 

1188.6 

1290.1 

1391.6 

1493.0 

1594.5 

1696.0 

1797.5 

.8 

891.9 

994.1 

1096.3 

1198.6 

1300.8 

1403.0 

1605.2 

1607.4 

1709.7 

1811.9 

.9 

899.6 

1002.6 

1105.6 

1208.5 

1311.6 

1414.4 

1517.4 

1620.4 

1723.3 

1826.3 

14.0 

907.4 

1011.1 

1114.8 

1218.6 

1322.2 

1426.9 

1529.6 

1633.3 

1737.0 

1840.7 

14.1 

915.2 

1019.6 

1124.1 

1228.6 

1333.0 

1437.4 

1641.9 

1646.8 

17^.7 

1866.2 

.2 

923.0 

1028.2 

1133.4 

1238.6 

1343.7 

1448.9 

1654.1 

1669.3 

1764.5 

1869.7 

.3 

930.8 

1036.7 

1142.7 

1248.6 

1354.6 

1460.5 

1666.4 

1672.3 

1778.3 

1884.2 

.4 

938.7 

1045.3 

1152.0 

1258.7 

1365.3 

1472.0 

1578.7 

1686.3 

1792.0 

1898.7 

.5 

946.5 

1053.9 

1161.3 

1268.8 

1376.2 

1483.6 

1591.0 

1698.4 

1806.8 

1913.2 

.6 

954.4 

1062.6 

1170.7 

1278.9 

1387.0 

1495.2 

1603.3 

1711.6 

1819.6 

1927.8 

.7 

962.3 

1071.2 

1180.1 

1289.0 

1397.9 

1606.8 

1615.6 

1724.6 

1833.4 

1942.3 

.8 

970.2 

1079.9 

1189.5 

1299.1 

1408.7 

1618.4 

1628.0 

1737.6 

1847.3 

1956.9 

.9 

978.2 

1088.5 

1198.9 

1309.3 

1419.6 

1630.0 

1640.4 

1750.7 

1861.1 

1971.6 

15.0 

986.1 

1097.2 

1208.3 

1319.4 

1430.6 

1541.7 

1652.8 

1763.9 

1875.0 

1986.1 

16 

1067 

1185 

1304 

1422 

1641 

1659 

1778 

1896 

2016 

2133 

17 

1149 

1275 

1401 

1527 

1653 

1779 

1905 

2031 

2157 

2282 

18 

1233 

1367 

1500 

1633 

1767 

1900 

2033 

2167 

2300 

2433 

19 

1319 

1460 

1601 

1742 

1882 

2023 

2164 

2305 

2445 

2586 

20 

1407 

1556 

1704 

1852 

2000 

2148 

2296 

2444 

2593 

2741 

21 

1497 

1654 

1808 

1964 

2119 

2276 

2431 

2686 

2742 

2897 

22 

1589 

1753 

1915 

2078 

2241 

2404 

2567 

2730 

2893 

3056 

23 

1682 

1854 

2023 

2194 

2364 

2634 

2705 

2876 

3046 

3216 

24 

1778 

1956 

2133 

2311 

2489 

2667 

2844 

3022 

3200 

3378 

25 

1875 

2061 

2245 

2431 

2616 

2801 

2986 

3171 

3357 

3542 

26 

1974 

2167 

2359 

2552 

2744 

2987 

3130 

3322 

3515 

3707 

27 

2075 

2275 

2475 

2675 

2876 

3075 

3275 

3476 

3675 

3875 

28 

2178 

2385 

2593 

2800 

3007 

3215 

3422 

3630 

3837 

4044 

29 

2282 

2497 

2712 

2927 

3142 

3366 

3571 

3786 

4001 

4216 

30 

2389 

2611 

2833 

3056 

3278 

3600 

3722 

3944 

4167 

4389 

81 

2497 

2727 

2957 

3186 

3416 

3646 

3875 

4105 

4334 

4564 

32 

260/ 

2844 

3082 

3319 

3666 

3793 

4030 

4267 

4504 

4741 

33 

2719 

2964 

3208 

3453 

3697 

3942 

4186 

4431 

4676 

4919 

34 

2833 

3085 

3337 

3589 

3841 

4093 

4344 

4596 

4848 

5100 

35 

2949  ' 

3208 

3468 

3727 

3986 

4246 

4505 

4764 

5023 

5282. 

36 

3067 

3333 

3600 

8867 

4133 

4400 

4667 

4933 

6200 

5467 

37 

3186 

3460 

3734 

4008 

4282 

4666 

4831 

5105 

5379 

5653 

38 

3307 

3589 

3870 

4152 

4433 

4715 

4996 

6278. 

5559 

5841 

39 

3431 

3719 

4008 

4297 

4686 

4875 

5164 

6453 

5742 

6031 

40 

3556 

3852 

4148 

4444 

4741 

5037 

5333 

5630 

5926 

6222 

41 

3682 

3986 

4290 

4594 

4897 

6201 

6505 

5808 

6112 

6416 

42 

3811 

4122 

4433 

4744 

6056 

6367 

5678 

5989 

6300 

6611 

43 

3942 

4260 

4579 

4897 

5216 

5534 

6863 

6171 

6490 

6808 

44 

4047 

4400 

4726 

5052 

5378 

5704 

6030 

6366 

6682 

7007 

46  1  4208 

4541 

4875 

5208   5542  | 

6876 

6208   6542  '  6875  '7208  1 

454    TABLE  XIX.— CU.  YDS.  PER  100  FT.  SIDE  SLOPES  H  TO  1. 


Ht 

in 
Ft. 

Width  of  base  (  =26)  in  feet.                                       | 

14 

16 

18 

SO 

SS 

24 

26 

28 

30 

82 

0.1 

5.2 

5.9 

6.7 

7.5 

8.2 

8.9 

9.6 

10.4 

11.1 

11.9 

.2 

10.4 

11.9 

13.4 

14.9 

16.3 

17.8 

19.3 

20.8 

22.3 

23.8 

.3 

15.7 

17.9 

20.2 

22.4 

24.6 

26.8 

29.1 

31.3 

33.6 

35.7 

A 

21.0 

24.0 

27.0 

29.9 

32.8 

35.8 

38.8 

41.8 

44.7 

47.7 

.5 

26.4 

30.1 

33.8 

37.5 

41.2 

44.9 

48.6 

62.3 

66.0 

69.7 

.6 

31.8 

36.2 

40.7 

45.1 

49.6 

64.0 

68.4 

62.9 

67.3 

71.8 

.7 

37.2 

42.4 

47.6 

52.8 

68.0 

63.2 

68.3 

73.6 

78.7 

83.9 

.8 

42.7 

48.6 

54.5 

60.5 

66.4 

72.3 

78.3 

84.2 

90.1 

96.0 

.9 

48.2 

54.8 

61.5 

68.2 

74.8 

81.6 

88.2 

94.8 

101.6 

108.2 

1.0 

53.7 

61.1 

68.5 

75.9 

83.3 

90.7 

98.2 

105.6 

113.0 

120.4 

1.1 

59.3 

67.4 

75.6 

83.7 

91.9 

100.0 

108.2 

116.3 

124.5 

132.6 

.2 

64.9 

73.8 

82.7 

91.6 

100.6 

109.3 

118.2 

127.1 

136.0 

144.9 

.3 

70.5 

80.2 

89.8 

99.4 

109.1 

118.7 

128.3 

138.0 

147.6 

167.2 

.4 

76.2 

86.6 

97.0 

107.3 

117.7 

128.1 

138.4 

148.8 

169.2 

169.6 

.5 

81.9 

93.1 

104.2 

115.3 

126.4 

137.5 

148.6 

169.7 

170.8 

181.9 

.6 

87.7 

100.0 

111.4 

123.3 

135.1 

147.0 

158.8 

170.7 

182.5 

194.4 

.7 

93.5 

106.1 

118.7 

131.3 

143.9 

156.5 

169.0 

181.6 

194.2 

206.8 

.8 

99.3 

112.7 

126.0 

139.3 

152.7 

166.0 

179.3 

192.7 

206.0 

219.3 

.9 

105.2 

119.3 

133.3 

147.4 

161.6 

175.6 

189.6 

203.7 

217.8 

231.8 

2.0 

111.1 

125.9 

140.7 

155.5 

170.4 

185.2 

200.0 

214.8 

229.6 

244.4 

2.1 

117.1 

132.6 

148.2 

163.7 

179.3 

194.8 

210.4 

226.9 

241.5 

257.1 

.2 

123.0 

139.3 

155.6 

171.9 

188.2 

204.5 

220.8 

237.1 

263.4 

269.7 

.3 

129.1 

146.1 

163.1 

180.2 

197.2 

214.2 

231.2 

248.3 

266.3 

282.3 

.4 

135.1 

152.9 

170.7 

188.4 

206.2 

224.0 

241.7 

259.6 

277.3 

295.1 

.6 

141.2 

159.7 

178.2 

196.7 

215.2 

233.8 

252.3 

270.8 

289.3 

307.8 

.6 

147.3 

166.6 

185.9 

205.1 

223.4 

242.6 

261.9 

281.2 

300.4 

319.7 

.7 

153.5 

173.5 

193.5 

213.5 

233.6 

253.6 

273.6 

293.6 

313.6 

333.7 

.8 

159.7 

180.4 

201.2 

221.9 

242.7 

263.4 

284.1 

304.9 

326.6 

346.4 

.9 

165.9 

187.4 

208.9 

230.4 

251.9 

273.3 

294.8 

316.3 

337.8 

359.3 

3.0 

172.2 

194.4 

216.7 

238.9 

261.1 

283.3 

305.6 

327.8 

360.0 

372.2 

3.1 

178.5 

201.6 

224.5 

247.4 

270.4 

293.3 

316.3 

339.3 

362.2 

385.2 

.2 

184.9 

208.6 

232.3 

256.0 

279.7 

303.4 

327.1 

350.8 

374.6 

398.2 

.3 

191.3 

•215.7 

240.2 

264.6 

289.1 

313.5 

337.9 

362.4 

386.8 

411.3 

.4 

197.7 

222.9 

248.1 

273.2 

298.4 

323.6 

348.8 

374.0 

399.2 

424.4 

.5 

204.2 

230.1 

256.0 

281.9 

307.9 

333.8 

359.7 

385.6 

411.6 

437.5 

.6 

210.7 

237.3 

264.0 

290.7 

317.3 

344.0 

370.7 

397.3 

424.0 

460.7 

.7 

217.2 

244.6 

272.0 

299.4 

326.8 

354.2 

381.6 

409.0 

436.4 

463.8 

.8 

223.8 

251.9 

280.1 

308.2 

336.3 

364.6 

392.6 

420.8 

448.9 

477.1 

.9 

230.4 

259.3 

288.2 

317.0 

345.9 

374.8 

403.7 

432.6 

461.4 

490.3 

4.0 

237.0 

266.7 

296.3 

325.9 

355.5 

386.1 

414.8 

444.4 

474.0 

603.7 

4.1 

243.7 

274.1 

304.4 

334.8 

366.2 

395.6 

425.9 

466.2 

486.6 

617.0 

.2 

250.4 

281.5 

312.6 

343.7 

374.8 

405.9 

437.0 

468.2 

499.3 

530.4 

.3 

257.2 

289.1 

320.9 

352.8 

384.6 

416.6 

448.3 

480.2 

612.0 

543.9 

.4 

264.0 

296.6 

329.2 

361.8 

394.4 

427.0 

459.5 

492.1 

624.7 

667.3 

.6 

270.8 

304.2 

337.5 

370.8 

404.2 

437.6 

470.8 

604.1 

537.5 

670.8 

.6 

277.7 

311.8 

345.8 

379.9 

414.0 

448.1 

482.1 

616.2 

560.3 

584.3 

.7 

284.6 

319.4 

354.2 

389.0 

423.8 

458.7 

493.6 

628.3 

563.1 

597.9 

.8 

291.6 

327.1 

362.7 

398.2 

433.8 

469.3 

604.9 

640.4 

676.0 

611.5 

.9 

298.5 

334.8 

371.1 

407.4 

443.7 

480.0 

516.3 

652.6 

688.9 

626.2 

5.0 

305.6 

342.6 

379.6 

416.7 

463.7 

490.7 

527.7 

664.8 

601.8 

638.9 

5.1 

312.6 

350.4 

388.2 

425.9 

463.7 

601.6 

639.3 

677.0 

614.8 

662.6 

.2 

319.7 

358.2 

396.7 

435.2 

473.8 

512.3 

650.8 

589.3 

627.8 

666.3 

.3 

326.8 

366.1 

405.3 

444.6 

483.8 

623.1 

662.3 

601.6 

640.8 

680.1 

.4 

334.0 

374.0 

414.0 

454.0 

494.0 

534.0 

673.9 

613.9 

653.0 

693.9 

.5 

341.2 

381.9 

422.7 

463.4 

504.1 

644.9 

685.6 

626.3 

667.0 

707.8 

.6 

348.4 

389.9 

431.4 

472.9 

614.3 

555.8 

597.3 

638.7 

680.2 

721.7 

.7 

355.7 

397.9 

440.2 

482.4 

624.6 

666.8 

609.0 

661.3 

693.6 

736.7 

.8 

363.0 

406.0 

449.0 

491.2 

634.9 

677.8 

620.8 

663.8 

706.7 

749.7 

.9 

370.4 

414.1 

457.8 

501.5 

645.2 

588.9 

632.6 

676.3 

720.0 

763.7 

6.0 

377.8 

422.2 

466.7 

611.1 

655.6 

600.0 

644.4 

688.9 

733  3 

777.8 

TABLE  XIX.— C?U.  YDS.  PER  100  FT 

.  SLOPES  J^  TO  1. 

455 

Ht. 

in 
Ft. 

Width  of  base  («26)  in  feet.                                  | 

14 

16 

18 

20 

22 

24 

26 

28 

SO 

32 

6.1 

385.2 

430.4 

475.6 

520.7 

665.9 

611.1 

666.3 

701.6 

746.7 

791.9 

.2 

392.7 

438.6 

484.5 

530.5 

576.4 

622.3 

668.3 

714.2 

760.1 

806.1 

.3 

400.2 

446.8 

493.5 

640>2 

586.4 

633.5 

680.2 

726.8 

773.5 

820.2 

.4 

407.7 

455.1 

502.5 

549.9 

597.3 

644.7 

692.1 

739.5 

787.0 

834.4 

.5 

415.3 

463.4 

511.6 

559.7 

607.9 

656.0 

704.2 

762.3 

800.5 

848.6 

.6 

422.9 

471.8 

520.7 

569.6 

618.6 

667.3 

716.2 

766.1 

814.0 

862.9 

.7 

430.5 

480.2 

529.8 

579.4 

629.1 

678.7 

728.3 

778.0 

827.6 

877.2 

.8 

438.2 

488.6 

539.0 

589.0 

639.7 

690.1 

740.4 

790.8 

841.2 

891.6 

.9 

445.9 

497.0 

548.2 

599.3 

650.4 

701.5 

762.6 

803.7 

854.8 

906.9 

7.0 

453.7 

506.6 

558.4 

610.3 

662.1 

714.0 

765.8 

817.7 

869.5 

921.4 

7.1 

461.5 

514.1 

566.7 

619.3 

671.9 

724.6 

777.0 

829.6 

882.2 

934.8 

.2 

469.3 

522.7 

576.0 

629.3 

682.7 

736.0 

789.3 

842.6 

896.0 

949.3 

.3 

477.2 

531.3 

585.3 

639.4 

693.5 

747.6 

801.6 

865.7 

909.8 

963.9 

.4 

485.1 

539.9 

594.7 

649.5 

704.4 

759.2 

814.0 

868.8 

923.6 

978.4 

.6 

493.1 

548.6 

604.2 

659.7 

715.3 

770.8 

826.4 

882.0 

937.6 

993.1 

.6 

501.0 

557.3 

613.6 

669.9 

726.2 

782.5 

838.8 

896.1 

961.4 

1007.7 

.7 

509.1 

566:1 

623.1 

680.2 

737.2 

794.3 

851.3 

908.3 

966.4 

1022.4 

.8 

517.1 

574.9 

632.7 

690.6 

748.2 

806.0 

863.8 

921.6 

979.3 

1037.1 

.9 

525.2 

583.7 

642.2 

700.7 

769.2 

817.8 

876.3 

934.8 

993.3 

1051.8 

8.0 

533.3 

592.6 

651.9 

711.1 

770.4 

829.6 

888.9 

948.2 

1007.4 

1066.7 

8.1 

541.5 

601.5 

661.5 

721.5 

781.5 

841.5 

901.5 

961.6 

1021.6 

1081.6 

.2 

549.7 

610.4 

671.2 

731.9 

792.7 

853.4 

914.1 

974.9 

1035.6 

1096.4 

.3 

557.9 

619.4 

680.9 

742.4 

803.9 

865.3 

926.8 

988.3 

1049.8 

1111.3 

.4 

566.2 

628.4. 

690.7 

752.9 

815.1 

877.3 

939.5 

1001.8 

1064.0 

1126.2 

.5 

574.5 

637.5 

700.5 

763.4 

826.4 

889.3 

962.3 

1015.3 

1078.2 

1141.2 

.6 

582.9 

646.6 

710.3 

774.0 

837.7 

901.4 

966.1 

1028.8 

1092.5 

1166.2 

.7 

591.3 

655.7 

720.2 

784.6 

849.0 

913.5 

977.9 

1042.4 

1106.8 

1171.3 

.8 

599.7 

664.9 

730.1 

795.2 

860.4 

925.6 

990.8 

1056.0 

1121.1 

1186.3 

.9 

608.2 

674.1 

740.0 

806.9 

871.9 

937.8 

1003.7 

1069.6 

1135.5 

1201.6 

9.0 

616.7 

683.3 

750.0 

816.7 

883.3 

950.0 

1016.7 

1083.3 

1150.0 

1216.7 

9.1 

625.2 

692.6 

760.0 

827.4 

894.8 

962.3 

1029.7 

1097.1 

1164.6 

1231.9 

.2 

633.8 

701.9 

770.1 

838.2 

906.4 

974.6 

1042.7 

1110.8 

1179.0 

1247.1 

.3 

642.4 

711.3 

780.2 

849.1 

918.0 

986.8 

1066.7 

1124.6 

1193.5 

1262.4 

.4 

651.0 

720.7 

790.3 

859.9 

929.6 

999.2 

1068.8 

1138.6 

1208.1 

1877.7 

.5 

659.7 

730.1 

800.5 

870.8 

941.2 

1011.6 

1081.9 

1162.3 

1222.7 

1293.0 

.6 

668.4 

739.5 

810.7 

881.8 

852.9 

1024.0 

1096.1 

1166.2 

1237.3 

1308.4 

.7 

677.2 

749.1 

820.9 

892.8 

864.6 

1036.5 

1108.3 

1180.2 

1262.0 

1323.9 

.8 

686.0 

758.6 

831.2 

903.8 

976.4 

1049.0 

1121.5 

1194.1 

1266.7 

1339.3 

.9 

694.8 

768.2 

841.5 

914.8 

988.2 

1061.5 

1134.8 

1208.1 

1281.5 

1364.8 

10.0 

703.7 

777.8 

851.8 

925.9 

1000.0 

1074.1 

1148.1 

1222.2 

1296.3 

1370.4 

10.1 

712.6 

787.4 

862.2 

937.1 

1011.9 

1086.7 

1161.5 

1236.3 

1311.2 

1386.0 

.2 

721.6 

797.1 

872.7 

948.2 

1023.8 

1099.3 

1174.0 

1260.6 

1326.0 

1401.6 

.3 

730.6 

806.9 

883.2 

959.5 

1035.8 

1112.1 

1188.4 

1264.7 

1341.0 

1417.3 

.4 

739.6 

816.6 

893.6 

970.7 

1047.7 

1124.8 

1201.8 

1278.8 

1356.9 

1432.9 

.5 

748.6 

826.4 

904.2 

982.0 

1059.8 

1137.6 

1216.3 

1293. 1 

1370.9 

1448.7 

.6 

757.7 

836.2 

914.7 

993.2 

1071.8 

1150.3 

1228.8 

1307.3 

1385.8 

1464.4 

.7 

766.9 

846.1 

925.4 

1004.6 

1083.9 

1163.2 

1242.4 

1321.7 

1400.9 

1480.2 

.8 

776.0 

856.0 

936.0 

1006.0 

1096.0 

1176.0 

1266.0 

1336.0 

1416.0 

1496.0 

.9 

785.2 

866.0 

946.7 

1027.4 

1108.2 

1188.9 

1269.7 

1350.4 

1431.1 

1511.9 

11.0 

794.4 

875.9 

957.4 

1038.9 

1120.4 

1201.8 

1283.3 

1364.8 

1446.3 

1527.8 

11.1 

803.7 

886.0 

968.2 

1060.4 

1132.6 

1214.8 

1297.1 

1379.3 

1461.5 

1543.7 

.2 

813.0 

896.0 

979.0 

1061.9 

1144.9 

1227.8 

1310.8 

1393.8 

1476.7 

1559.7 

.3 

822.4 

906.1 

989.8 

1073.6 

1157.2. 

1240.9 

1324.6 

1408.3 

1492.0 

1576.7 

.4 

831.8 

916.2 

1000.7 

1086.1 

1169.6 

1264.0 

1338.6 

1422.9 

1507.3 

1591.8 

.6 

841.2 

926.4 

1010.6 

1095.8 

1180.9 

1266.1 

1361.3 

1436.5 

1521.7 

1606.8 

.6 

850.7 

936.6 

1022.6 

1108.6 

1194.4 

1280.3 

1362.3 

1462.2 

1538.1 

1624.1 

.7 

860.2 

946.9 

1033.6 

1120.2 

1206.9 

1293.6 

1380.2 

1466.9 

1553.5 

1640.2 

.8 

869.7 

957.1 

1044.5 

1131.9 

1219.3 

1306.7 

1394.1 

1481.5 

1568.9 

1666.3 

.9 

879.3 

967.4 

1055.6 

1143.7 

1231.9 

1320.0 

1408.2 

1496.3 

1584.6 

1672.6 

i.ao 

888.9 

977.8 

1066.7 

1165.6 

1244.4 

1333.3 

1422.2 

1511.1 

1600.0 

1688.9 

456 

TABLE  XIX.— 

CU.  YDS.  PER  100  FT.  SLOPES  H  TO 

1. 

Ht. 

in 
Ft. 

Width  of  base  ( «»2&)  in  feet. 

14 

16 

18 

SO 

22 

24 

26 

28 

SO 

S2 

12.1 

898.5 

988.2 

1077.8 

1167.4 

1257.1 

1346.7 

1436.3 

1526.0 

1615.6 

1706.2 

.2 

908.2 

998.6 

1089.0 

1179.3 

1269.7 

1360.1 

1460.4 

1540.8 

1631.2 

1721.6 

.3 

917.9 

1009.1 

1100.2 

•1191.3 

1282.4 

1373.6 

1464.6 

1565.7 

1646.8 

1737.9 

.4 

927.7 

1019.6 

1111.4 

1203.3 

1295.1 

1387.0 

1478.8 

1570.7 

1662.6 

1754.4 

.6 

937.6 

1030.1 

1122.7 

1215.3 

1307.9 

1400.6 

1493.0 

1586.6 

1678.2 

1770.8 

.6 

947.3 

1040.7 

1134.0 

1227.3 

1320.7 

1414.0 

1507.3 

1600.6 

1694.0 

1787.3 

.7 

957.2 

1051.3 

1145.3 

1239.4 

1333.5 

1427.6 

1521.6 

1615.7 

1709.8 

1803.8 

.8 

967.1 

1061.9 

1156.7 

1251.5 

1346.4 

1441.2 

1536.0 

1630.8 

1726.6 

1820.4 

.9 

977.1 

1072.6 

1168.2 

1263.7 

1359.3 

1454.9 

1550.4 

1646.0 

1741.6 

1837.1 

13.0 

987.0 

1083.3 

1179.6 

1275.9 

1372.2 

1468.6 

1564.8 

1661.1 

1757.4 

1853.7 

13.1 

997.1 

1094.1 

1191.1 

1288.2 

1385.2 

1482.3 

1579.3 

1676.3 

1773.4 

1870.4 

.2 

1007.1 

1104.9 

1202.7 

1300.4 

1398.2 

1496.0 

1593.8 

1691.6 

1789.3 

1887.1 

.3 

1017.2 

1115.7 

1214.3 

1312.8 

1411.3 

1509.8 

1608.3 

1706.9 

1806.4 

1903.9 

.4 

1027.3 

1126.6 

1225.9 

1325.1 

1424.4 

1523.6 

1622.9 

1722.2 

1821.4 

1920.7 

.5 

1037.5 

1137.5 

1237.5 

1337.5 

1437.5 

1537.6 

1637.6 

1737.6 

1837.6 

1937.5 

.6 

1047.7 

1148.5 

1249.2 

1349.9 

1450.7 

1551.4 

1652.2 

1752.9 

1863.6 

1954.4 

.7 

1057.9 

1159.4 

1260.9 

1362.4 

1463.9 

1565.4 

1668.8 

1768.3 

1869.8 

1971.3 

.8 

1068.2 

1170.4 

1272.7 

1374.9 

1477.1 

1579.3 

1681.5 

1783.8 

1886.0 

1988.2 

.9 

1078.5 

1182.2 

1285.9 

1389.6 

1493.3 

1597.0 

1700.7 

1804.4 

1908.1 

2011.8 

14.0 

1088.9 

1192.6 

1296.3 

1400.0 

1503.7 

1607.4 

1711.1 

1814.8 

1918.6 

2022.2 

14.1 

1099.3 

1203.7 

1308.1 

1412.6 

1517.0 

1621.5 

1725.9 

1830.4 

1934.8 

2039.3 

.2 

1109.7 

1214.9 

1320.1 

1425.3 

1530.5 

1635.6 

1740.8 

1846.0 

1961.2 

2066.4 

.3 

1120.2 

1226.1 

1332.0 

1437.9 

1543.9 

1649.8 

1755.7 

1861.7 

1967.6 

2073.5 

.4 

1130.7 

1237.3 

1344.0 

1450.7 

1557.3 

1664.0 

1770.7 

1877.3 

1984.0 

2090.7 

.5 

1141.2 

1248.6 

1356.0 

1463.4 

1570.8 

1678.2 

1786.7 

1893.1 

2000.6 

2107.9 

.6 

1151.8 

1259.9 

1368.1 

1476.2 

1584.4 

1692.5 

1800.7 

1908.8 

2017.0 

2125.1 

.7 

1162.4 

1271.3 

1380.2 

1489.1 

1597.9 

1706.8 

1816.7 

1924.6 

2a33.6 

2142.4 

.8 

1173.0 

1282.7 

1392.3 

1501.9 

1611.6 

1721.2 

1830.8 

1940.4 

2050.1 

2169.7 

.9 

1183.7 

1294.1 

1404.5 

1514.8 

1625.2 

1735.6 

1845.9 

1966.3 

2066.7 

2177. 1 

15.0 

1194.4 

1305.6 

1416.7 

1527.8 

1638.9 

1750.0 

1861.1 

1972.2 

2083.3 

2194.4 

16 

1304 

1422 

1541 

1659 

1779 

1896 

2016 

2133 

2252 

2370 

17 

1417 

1543 

1669 

1794 

1920 

2046 

2172 

2298 

2424 

2560 

18 

1533 

1667 

1800 

1933 

2067 

2200 

2333 

2467 

2600 

2733 

19 

1654 

1794 

1935 

2076 

2217 

2357 

2498 

2639 

2780 

2920 

20 

1778 

1926 

2074 

2222 

2370 

2519 

2667 

2816 

2963 

3111 

21 

1906 

2061 

2217 

2372 

2528 

2683 

2839 

2994 

3150 

3306 

22 

2037 

2200 

2363 

2526 

2689 

2852 

3015 

3178 

3341 

3604 

23 

2172 

2343 

2513 

2683 

2854 

3024 

3194 

3365 

3636 

3706 

24 

2311 

2489 

2667 

2844 

3022 

3200 

3378 

3556 

3733 

3911 

25 

2454 

2639 

2824 

3009 

3194 

3380 

3565 

3750 

3935 

4120 

26 

2600 

2793 

2986 

3178 

3370 

3563 

3756 

3948 

4141 

4333 

27 

2750 

2950 

3150 

3350 

3550 

3750 

3950 

4160 

4350 

4650 

28 

2904 

3111 

3319 

3526 

3733 

3941 

4148 

4366 

4663 

4770 

29 

3061 

3276 

3491 

3706 

3920 

4135 

4350 

4565 

4780 

4994 

30 

3222 

3444 

3667 

3889 

4111 

4333 

4566 

4778 

5000 

5222 

31 

3387 

3617 

3846 

4076 

4306 

4535 

4766 

4994 

5224 

5454 

32 

3556 

3793 

4030 

4267 

4504 

4741 

4978 

6216 

5462 

5689 

33 

3728 

3972 

4217 

4461    ' 

4706 

4950 

5194 

5439 

5683 

6928 

34 

3904 

4156 

4407 

4659 

4911 

5163 

5416 

5667 

5919 

6170 

35 

4083 

4343 

4602 

4861 

5120 

5380 

5639 

5898 

6157 

6417 

36 

4267 

4533 

4800 

5067 

5333 

5600 

5867 

6133 

6400 

6667 

37 

4454 

4728 

5002 

5276 

5550 

5824 

6098 

6372 

6646 

6920 

38 

4644 

4926 

5207 

5489 

5770 

6052 

6333 

6616 

6896 

7178 

39 

4839 

5128 

5417 

5706 

5994 

6283 

6572 

6861 

7150 

7439 

40 

5037 

5333 

5630 

5926 

6222 

6519 

6815 

7111 

7407 

7704 

41 

5239 

5543 

6846 

6150 

6454 

6757 

7061 

7366 

7679 

7982 

42 

5444 

5756 

6067 

6378 

6689 

7000 

7311 

7622 

7933 

8244 

43 

5654 

5972 

6291 

6609 

6928 

7246 

7666 

7883 

8202 

8520 

44 

5867 

6193 

6519 

6844 

7170 

7496 

7822 

8148 

8474 

8800 

45 

6083 

6417 

6750 

7083 

7417 

7750 

8083 

8417 

8750 

9083 

TABLE  XIX.— CU.  YDS.  PER  100  FT 

.  SLOPES  1  TO  1. 

457 

Ht. 

in 

Ft. 

Width  of  base  ( =2b)  in  feet. 

14 

16 

18 

SO 

%% 

S4 

S6         S8 

30 

9% 

0.1 

6.2 

6.0 

6.7 

7.4 

8.2 

8.9 

9.7       10.4 

11.1- 

11.9 

.2 

10.5 

12.0 

13.5 

15.0 

16.4 

17.9 

19.4 

20.9 

22.4 

23.9 

.3 

15.9 

18.1 

20.3 

22.6 

24.8 

27.0 

29.2 

31.4 

33.7 

35.9 

.4 

21.3 

24.3 

27.3 

30.2 

33.2 

36.1 

39.1 

42.1 

46.0 

48.0 

.5 

26.9 

30.6 

34.3 

38.0 

41.7 

45.4 

49.1 

52.8 

56.6 

60.2 

.6 

32.4 

36.9 

41.3 

45.8 

60.2 

64.7 

69.1 

63.5 

68.0 

72.4 

.7 

38.1 

43.3 

48.5 

53.7 

58.9 

64.1 

69.3 

74.4 

79.6 

84.8 

.8 

43.9 

49.8 

55.7 

61.6 

67.6 

73.6 

79.4 

85.4 

91.3 

97.2 

.9 

49.7 

56.3 

63.0 

69.7 

76.3 

83.0 

89.7 

96.3 

103.0 

109.7 

1.0 

55.6 

63.0 

70.4 

77.8 

85.2 

92.6 

100.0 

107.4 

114.8 

122.3 

1.1 

61.5 

69.7 

77.8 

86.0 

94.1 

102.3 

110.4 

118.6 

126.7 

134.9 

.2 

67.6 

76.5 

85.3 

94.2 

103.1 

112.0 

120.9 

129.8 

138.7 

147.6^ 

.3 

73.7 

83.3 

92.9 

102.6 

112.2 

121.8 

131.6 

141.1 

160.7 

160.3 

.4 

79.8 

90.2 

100.6 

110.9 

121.3 

131.7 

142.1 

162.4 

162.8 

173.2 

.5 

86.1 

97.2 

108.3 

119.4 

130.6 

141.7 

152.8 

163.9 

175.0 

186.1 

.6 

92.4 

104.3 

116.1 

128.0 

139.8 

161.7 

163.5 

175.4 

187.2 

199.1 

.7 

98.9 

111.4 

124.0 

136.6 

149.2 

161.8 

174.4 

187.0 

199.6 

212.2 

.8 

105.3 

118.7 

132.0 

145.3 

158.7 

172.0 

185.3 

198.7 

212.0 

226.3 

.9 

111.9 

126.0 

140.0 

154.1 

168.2 

182.2 

196.3 

210.4 

224.5 

238.6 

2.0 

118.5 

133.3 

148.1 

163.0 

177.8 

192.6 

207.4 

222.2 

237.0 

251.8 

2.1 

125.2 

140.8 

156.3 

171.9 

187.4 

203.0 

218.6 

234.1 

249.6 

266.2 

.2 

132.0 

148.3 

164.6 

180.9 

197.2 

213.5 

229.7 

246.0 

262.3 

278.6 

.3 

138.9 

155.9 

172.9 

189.9 

207.0 

224.0 

241.0 

268.1 

275.1 

292.1 

4 

145.8 

163.6 

181.3 

199.1 

216.9 

234.6 

252.4 

270.2 

287.9 

306.7 

.5 

152.8 

171.3 

189.8 

208.3 

226.8 

245.3 

263.8 

282.4 

300.9 

319.4 

.6 

169.8 

179.1 

198.4 

217.6 

236.9 

256.1 

275.4 

294.7 

313.9 

333.2 

.7 

167:0 

187.0 

207.0 

227.0 

247.0 

267.0 

287.0 

307.0 

327.0 

347.0 

.8 

174.2 

195.0 

215.7 

236.4 

257.2 

277.9 

298.7 

319.4 

340.1 

360.9 

.9 

181.5 

203.0 

224.5 

246.0 

267.4 

288.9 

310.4 

331.9 

363.4 

374.8 

3.0 

188.9 

211.1 

233.3 

255.6 

277.8 

300.0 

322.2 

344.4 

366.7 

388.9 

3.1 

196.3 

219.3 

242.3 

265.2 

288.2 

311.1 

334.1 

357.1 

380,0 

403.0 

.2 

203.9 

227.6 

251.3 

275.0 

298.7 

322.4 

346.1 

369.8 

393.5 

417.2 

.3 

211.4 

235.9 

260.3 

284.8 

309.2 

333.7 

358.1 

382.5 

407.0 

431.4 

.4 

219.1 

244.3 

269.5 

294.7 

319.8 

345.0 

370.2 

395.4 

420.6 

446.7 

.5 

226.9 

252.8 

278.7 

304.6 

330.5 

356.5 

382.4 

408.3 

434.2 

460.1 

.6 

234.7 

261.3 

288.0 

314.7 

341.3 

368.0 

394.6 

421.3 

448.0 

474.6 

.7 

242.6 

270.0 

297.4 

324.8 

352.2 

379.6 

407.0 

434.4 

461.8 

489.2 

.8 

250.5 

278.7 

306.8 

334.9 

363.1 

391.2 

419.4 

447.6 

475.7 

503.9 

.9 

258.6 

287.4 

316.3 

345.2 

374.1 

403.0 

431.8 

460.7 

489.6 

518.6 

4.0 

266.7 

296.3 

325.9 

355.5 

385.2 

414.8 

444.4 

474.0 

603.6 

633.3 

4.1 

274.9 

305.2 

335.6 

365.9 

396.3 

426.7 

467.0 

487.4 

517.7 

648.1 

.2 

283.1 

314.2 

345.3 

376.4 

407.5 

438.6- 

469.7 

600.8 

531.9 

563.0 

.3 

291.4 

323.3 

355.1 

337.0 

418.8 

450.7 

482.5 

514.4 

546.2 

578.1 

.4 

299.9 

332.4 

365.0 

397.6 

430.2 

462.8 

495.4 

528.0 

560.6 

693.2 

.5 

308.3 

341.7 

375.0 

408.3 

441.7 

475.0 

508.3 

641.6 

575.0 

608.3 

.6 

316.9 

351.0 

385.0 

419.1 

453.2 

487.2 

521.3 

555.4 

589.5 

623.5 

.7 

325.5 

360.3 

395.1 

430.0 

464.8 

499.6 

634.4 

569.2 

604.0 

638.8 

.8 

334.2 

369.8 

405.3 

440.9 

476.4 

512.0 

647.6 

583.1 

618.6 

654.2 

.9 

343.0 

379.3 

415.6 

451.9 

488.2 

524.5 

660.7 

1597.0 

633.3 

669.6 

5.0 

351.9 

388.9 

425.9 

462.9 

500.0 

637.0 

674.0 

611.1 

648.1 

685.2 

5.1 

360.8 

398.6 

436.3 

474.1 

511.9 

649.6 

687.4 

625.2 

662.9 

700.7 

.2 

360.8 

408.3 

446.8 

485.3 

523.8 

662.3 

600.8 

639.4 

677.9 

716.4 

.3 

378.9 

418.1 

457.4 

496.6 

535.9 

676.1 

614.4 

653.6 

692.9 

732.1 

.4 

388.0 

428.0 

468.0 

507.0 

648.0 

688.0 

627.9 

667.9 

707.9 

747.9 

.6 

397.2 

438.0 

478.7 

519.4 

560.1 

600.9 

641.6 

682.3 

723.1 

763.8 

.6 

406.5 

448.0 

489.5 

503.9 

672.4 

613.9 

655.3 

696.8 

738.3 

779.8 

.7 

415.9 

458.1 

500.3 

542.6 

584.8 

627.0 

669.2 

711.4 

753.7 

796.9 

.8 

425.3 

468.3 

511.3 

554.2 

597.2      640.1 

683.1 

726.1 

769.0 

812.0 

.9 

434.9 

478.6 

522.3 

566.0 

609.7     653.4 

697.1 

740.8 

784.5 

828.2 

6.0 

444.4 

488.9 

533.3 

577.8 

622.2      666.7 

711.1 

755.6 

800.0 

844.4 

468      TABLE  XIX.--CU.  YDS.  PER  100  FT.  SLOPES  1  TO  1. 


Ht. 
in 
Ft. 

Width  of  base  (  »26)  in  feet.                                    | 

14 

16 

18 

SO 

82 

24 

26 

28 

80 

82 

6.1 

454.1 

499.3 

544.5 

589.7 

634.8 

680.0 

725.2 

770.4 

815.6 

860.8 

.2 

463.9 

509.8 

555.7 

601.6 

647.6 

693.5 

734.4 

785.4 

831.3 

877.2 

.3 

473.7 

520.3 

567.0 

613.7 

660.3 

707.0 

753.7 

800.3 

847.0 

893.7 

.4 

483.6 

531.0 

578.4 

625.8 

673.2 

720.6 

768.0 

815.4 

862.8 

910.2 

.6 

493.5 

541.7 

589.8 

638.0 

686.1 

734.3 

782.4 

830.6 

878.7 

926.9 

.6 

503.6 

552.5 

601.3 

650.2 

699.1 

748.0 

796.9 

845.8 

894.7 

943.6 

.7 

513.7 

563.3 

612.9 

662.6 

712.2 

761.8 

811.5 

861.1 

910.7 

960.3 

.8 

523.9 

574.2 

624.6 

675.0 

725.3 

775.7 

826.1 

876.4 

926.8 

977.2 

.9 

534.1 

585.2 

636.3 

687.4 

738.6 

789.7 

840.8 

891.9 

943.0 

994.1 

7.0 

544.4 

596.3 

648.1 

700.0 

751.8 

803.7 

855.6 

907.4 

959.2 

1011.1 

7.1 

554.9 

607.4 

660.0 

712.6 

765.2 

817.8 

870.4 

923.0 

975.6 

1028.2 

.2 

565.3 

618.7 

672.0 

725.3 

778.7 

832.0 

885.3 

938.6 

992.0 

1045.3 

.3 

575.9 

630.0 

684.0 

738.1 

792.2 

846.2 

900.3 

954.4 

1008.5 

1062.6 

.4 

586.5 

641.3 

696.1 

751.0 

805.8 

860.6 

915.4 

970.2 

1025.0 

1079.8 

.5 

597.2 

652.8 

708.3 

763.9 

819.5 

875.0 

930.6 

986.1 

1041.7 

1097.2 

.6 

608.0 

664.3 

720.6 

776.9 

833.2 

889.5 

945.8 

1002.1 

1058.4 

1114.7 

.7 

618.9 

675.9 

732.9 

790.0 

847.0 

904.1 

961.1 

1018.1 

1075.2 

1132.2 

.8 

629.8 

686.6 

744.3 

801.1 

859.9 

917.7 

975.4 

1033.2 

1091.0 

1148.8 

.9 

640.8 

699.3 

757.8 

816.3 

874.8 

933.3 

991.8 

1050.4 

1108.9 

1167.4 

8.0 

651.9 

711.1 

770.4 

829.6 

888.9 

948.2 

1007.4 

1066.7 

1125.9 

1185.2 

8.1 

663.0 

723.0 

783.0 

843.0 

903.0 

963.0 

1023.0 

1083.0 

1143.0 

1203.0 

.2 

674.2 

735.0 

795.7 

856.4 

917.2 

977.9 

1038.7 

1099.4 

1160.1 

1220.9 

.3 

685.5 

747.0 

808.5 

870.0 

931.4 

992.9 

1054.4 

1115.9 

1177.4 

1238.8 

.4 

696.9 

759.1 

821.3 

883.5 

945.8 

1008.0 

1070.2 

1132.4 

1194.7 

1266.9 

.5 

708.3 

771.3 

834.3 

897.2 

960.2 

1023.1 

1086.1 

1149.1 

1212.0 

1275.0 

.6 

719.9 

783.6 

847.3 

911.0 

974.7 

1038.4 

1102.1 

1165.8 

1229.5 

1293.2 

.7 

731.4 

795.9 

860.3 

924.8 

989.2 

1053.6 

1118.1 

1182.5 

1247.0 

1311.4 

.8 

743.1 

808.3 

873.5 

938.7 

1003.8 

1069.0 

1134.2 

1199.4 

1264.6 

1329.7 

.9 

754.9 

820.8 

886.7 

952.6 

1018.5 

1084.5 

1150.4 

1216.3 

1282.2 

1348.1 

9.0 

766.7 

833  3 

900.0 

966.7 

1033.3 

1100.0 

1166.7 

1233.3 

1300.0 

1366.7 

9.1 

778.6 

846.0 

913  .'4 

980.8 

1048.2 

1115.6 

1183.0 

1250.4 

1317.8 

1386.3 

.2 

790.5 

858.7 

926.8 

995.0 

1063.1 

1131.3 

1199.4 

1267.6 

1335.7 

1403.9 

.3 

802.6 

871.5 

940.3 

1009.2 

1078. 1 

1147.0 

1215.9 

1284.8 

1353.7 

1422.6 

.4 

814.7 

884.3 

953.9 

1023.6 

1093.2 

1162.8 

1232.5 

1302.1 

1371.7 

1441.3 

.6 

826.9 

897.2 

967.6 

1038.0 

1108.3 

1178.7 

1249.1 

1319.4 

1389.8 

1460.2 

.6 

839.1 

910.2 

981.3 

1052.4 

1123.6 

1194.7 

1265.8 

1336.9 

1408.0 

1479.1 

.7 

851.4 

923.3 

995.1 

1067.0 

1138.8 

1210.7 

1282.5 

1354.4 

1426.2 

1498.1 

.8 

863.9 

936.4 

1009.0 

1081.6 

1154.2 

1226.8 

1299.4 

1372.0 

1444.6 

1517.2 

.9 

876.3 

949.7 

1022.1 

1096.3 

1169.7 

1243.0 

1316.3 

1389.6 

1463.0 

1536.3 

10.0 

888.9 

963.0 

1037.0 

1111.1 

1185.2 

1259.2 

1333.3 

1407.4 

1481.6 

1565.5 

10.1 

901.5 

976.3 

1051.2 

1126.0 

1200.8 

1275.6 

1350.4 

1425.3 

1500.1 

1674.9 

.2 

914.2 

989.8 

1065.3 

1140.9 

1216.5 

1292.0 

1367.6 

1443.1 

1518.7 

1594.3 

.3 

927.0 

1003.3 

1079.6 

1155.9 

1232.2 

1308.5 

1484.8 

1461.1 

1537.4 

1613.7 

.4 

939.9 

1016.9 

1093.9 

1171.0 

1248.0 

1325.1 

1402.1 

1479.1 

1556.2 

1633.2 

.6 

952.8 

1030.6 

1108.3 

1186.1 

1263.9 

1341.7 

1419.4 

1497.2 

1575.0 

1652.8 

.6 

965.8 

1044.3 

1122.8 

1201.3 

1279.9 

1358.4 

1436.9 

1515.4 

1593.9 

1672.6 

.7 

978.9 

1058.1 

1137.4 

1216.6 

1295.9 

1375.2 

1454.4 

1533.7 

1612.9 

1692.2 

.8 

992.0 

1072.0 

1152.0 

1232.0 

1312.0 

1392.0 

1472.0 

1552.0 

1632.0 

1712.0 

.9 

1005.2 

1086.0 

1166.7 

1247.4 

1328.2 

1408.9 

1489.7 

1570.4 

1651.1 

1731.9 

U.O 

1018.5 

1100.0 

1181.5 

1263.0 

1344.4 

1425.9 

1507.4 

1588.9 

1670.4 

1761.8 

11.1 

1031.9 

1114.1 

1196.3 

1278.6 

1360.8 

1443.0 

1525.2 

1607.4 

1689.7 

1771.9 

.2 

1045.3 

1122.3 

1211.3 

1294.2 

1377.2 

1460.1 

1543.1 

1626.1 

1709.0 

1792.0 

.3 

1058.9 

1142.6 

1226.3 

1310.0 

1393.7 

1477.4 

1561.1 

1644.8 

1728.5 

1812.2 

.4 

1072.4 

1156.9 

1241.3 

1325.8 

1410.2 

1495.0 

1579.1 

1663.5 

1748.0 

1832.4 

.5 

1086.1 

1171.3 

1256.5 

1341.7 

1426.8 

1512.0 

1597.2 

1682.4 

1767.6 

1862.8 

.6 

1099.9 

1185.8 

1271.7 

1357.6 

1443.6 

1529.5 

1615.4 

1701.4 

1787.3 

1873.2 

.7 

1113.7 

1200.3 

1287.0 

1373.7 

1460.3 

1547.0 

1633.7 

1720.3 

1807.0 

1993.7 

.8 

1127.6 

1215.0 

1302.4 

1390.0 

1477.2 

1564.6 

1652.0 

1739.4 

1826.8 

1914.3 

.9 

1141.5 

1229.7 

1317.8 

1406.0 

1494.1 

1582.3 

1670.4 

1758.6 

1846.7 

1934.9 

12.0 

1155.6 

1244.5 

1333.3 

1422.2 

1511.1 

1600.0 

1688.9 

1777.7 

1866.7 

1965.6 

TABLE  XIX.— CU.  YDS.  PEB  100  FT.  SLOPES  1  TO  1.       459 


Ht. 
in 
Ft. 


Width  of  baae  ( =26)  in  feet.l 


14        16 


18 


SO 


ss 


S4 


S6 


80 


12.1 
.1 


.6 
.7 
.8 
.9 
13.0 

13.1 
.2 
.3 
.4 

.6 
.6 
.7 
.8 
.9 
14.0 

14.1 

.2 
.3 
.4 
.5 
.6 
.7 
.8 
.9 
15.0 

16 
17 
18 
10 
20 
21 
22 
23 
24 
25 

28 
27 
28 
20 
30 
31 
32 
33 
34 
35 

36 
37 
38 
39 
40 
41 
42 
43 
44 
45 


1169.7 
1183.9 
1198.1 
1212.4 
1226.9 
1241.3 
1255.9 
1270.5 
1285.2 
1300.0 

1314.9 
1329 
1344.8 
9 
1375.0 
1390.2 
1405.5 
1420.9 
1436.3 
1451.9 

1467.4 

1483.1 
1498.9 
1514.7 
1580.6 
1546.5 
1562.6 
1578.7 
1591.9 
1611.1 

1778 
1952 
2133 
2322 
2519 
2722 
2933 
3152 
3378 
3611 


4100 
4356 
4619 
4889 
5167 
5452 
5744 
6044 
6352 

6667 
6989 
7319 
7656 
8000 
8352 
8711 
9078 
9452 
0833 


1259.3 
1274.2 
1289.2 
1304.3 
1319.4 
1334.7 
1350.0 
1365.3 
1380.8 
1396.3 

1411.9 

1427.6 

1443.3 

1459 

1475.0 

1491.0 

1507.0 

1523.1 

1539.3 

1555.6 

1571.9 
1588.3 
1604.8 
1621.3 
1638.0 
1654.7 
1671.5 
1688.3 
1705.2 
1722.2 

1896 
2078 
2267 
2463 
2667 
2878 
3096 
3322 
3556 
3796 

4044 
4300 
4563 
4833 
5111 
5396 


6296 
6611 


7263 
7600 
7944 
8296 
8656 
9022 
9396 
9778 
10167 


1348.9 
1364.6 
1380.3 
1396.1 
1412.0 
1428.0 
1444.0 
1460.1 
1476.3 
1492.6 

1508.9 
1525.3 
1541.8 
1558.4 
1575.0 
1591.7 
1608.5 
1625.3 
1642.3 
1659.3 

1676.3 
1693.5 
1710.7 
1728.0 
1745.4 
1762.8 
1780.3 
1797.9 
1815.6 
1833.3 

2015 
2204 
2400 
2604 
2815 
3033 
3259 
3493 
3733 
3981 

4237 
4500 
4770 
5048 
5333 
5626 


6548 
6870 

7200 
7537 
7881 


8954 
9333 
9715 
10104 
10500 


1438.6 
1455.0 
1471.4 
1488.0 
1604.6 
1521.3 
1538.1 
1555.0 
1571.9 
1588.9 

1606.0 
1623.1 
1640.4 
1657.6 
1675.0 
1692.4 
1710.0 
1727.6 
1745.2 
1763.0 


1528.2 
1545.3 
1562.6 
1579.8 
1597.2 
1614.7 
1632.2 
1649.8 
1667.5 
1685.2 

1703.0 

1720.9 

1738.9 

1756.9 

1775.0 

1793.2 

1811.4 

1829 

1848.2 

1866.7 


1780.8 

1885.2 

1798.7 

1903.9 

1816.6 

1922.6 

1834.7 

1941.3 

1852.8 

1960.2 

1871.0 

1979.1 

1889.2 

1998.1 

1907.6 

2017.2 

1926.0 

2036.3 

1944.4 

2055.6 

2133 

2252 

2330 

2456 

2533 

2667 

2744 

2885 

2963 

3111 

3189 

3344 

3422 

3585 

3663 

3833 

3911 

4089 

4167 

4352 

4430 

4622 

4700 

4900 

4978 

5185 

5263 

5478 

5556 

5778 

5856 

6085 

6163 

6400 

6478 

6722 

6800 

7052 

7130 

7389 

7467 

7733 

7811 

8085 

8163 

8444 

8522 

8811 

8889 

9185 

9263 

9567 

9644 

9956 

10033 

10352 

10430 

10756 

10833 

11167 

1617.8 
1635.7 
1653.7 
1671.7 
1689.8 
1708.0 
1726.2 
1744.6 
1763.0 
1781.5 

1800.1 
1818.7 
1837.4 
1856.2 
1875.0 
1893.9 
1912.9 
1932.0 
1951.1 
1970.4 

1989.6 
2009.1 
2028.5 
2048.0 
2067.6 
2087.3 
2107.0 
2126.8 
2146.7 
2166.7 

2370 
2581 
2800 
3026 
3259 
3500 
3748 
4004 
4267 
4537 

4815 
5100 
5393 
5693 
6000 
6315 
6637 
6967 
7304 
7648 

8000 

8359 

8726 

9100 

9481 

9870 
10267 
10670 
11081 
11500 


1707.5 
1726.1 
1744.8 
1763.5 
1782.4 
1801.3 
1820.3 
1839.4 
1858.6 
1877.8 

1897.1 
1916.4 
1935.9 
1955.4 
1975.0 
1994.7 
2014.4 
2034.2 
2054.1 
2074.1 

2094 

2114.3 

2134.4 

2154.7 

2175.0 

2195.4 

2215.9 

2236.5 

2257.1 

2277.8 

2489 
2707 
2933 
3167 
3407 
3656 
3911 
4174 
4444 
4722 

5007 
5300 
5600 
5907 
6222 
6544 
6874 
7211 
7556 
7907 

8267 

8633 

9007 

9389 

9778 
10174 
10578 
10989 
11407 
11833 


1797.1 
1816.4 
1835.9 
1855.4 
1875.0 
1894.6 
1914.4 
1934.2 
1954.1 
1974.1 

1994.1 
2014.2 
2034.4 
2054.7 
2075.0 
2095.4 
2115.9 
2136.4 
2157.1 
2177.8 

2198.5 
2219.4 
2240.4 
2261.3 
2282.4 
2303. f 
2324.8 
2346.1 
2367.4 
2388.9 

2607 
2833 
3067 
3307 
3556 
3811 
4074 
4344 
4622 
4907 

5200 
5500 
5807 
6122 
6444 
6774 
7111 
7456 
7807 
8167 

8533 

8907 

9289 

9678 
10074 
10478 
10889 
11307 
11733 
12167 


1886.7 
1906.8 
1927.0 
1947.2 
1967.6 
1988.0 
2008.5 
2029.0 
2049.7 
2070.4 

2091.2 
2112.0 
2133.0 
2153.9 
2175.0 
2196.1 
2217.4 
2238.7 
2260.0 
2281.5 

2303.0 
2324.6 
2346.3 
2368.0 
2389.8 
2411.7 
2433.7 
2455.7 
2477.8 
2500.0 

2726 
2959 
3200 
3448 
3704 
3967 
4237 
4515 
4800 
5093 

5393 
5700 
6015 
6337 
6667 
7004 
7348 
7700 
8059 
8426 

8800 

9181 

9570 

9967 
10370 
10781 
11200 
11626 
12059 
12500 


tec 

TABLE  XIX.— CU.  TDS.  PER  100  FT.  SLOPES  1^  TO  1. 

Ht. 

Width  of  base  (  «26)  in  feet.                                   | 

in 
Ft. 

14 

16 

18 

SO 

82 

S4 

S6 

S8 

80 

88 

).l 

5.2 

6.0 

6.8 

7.5 

8.3 

9.0 

9.7 

10.5 

11.2 

11.9 

.2 

10.6 

12.1 

13.6 

15.0 

16.5 

18.0 

19.6 

21.0 

22.4 

23.9 

.3 

16.16 

18.3 

20.5 

22.7 

24.9 

27.2 

29.4 

31.6 

33.8 

36.1 

.4 

21.63 

24.6 

27.6 

30.5 

33.5 

36.4 

39.4 

42.4 

46.3 

48.3 

.5 

27.32 

31.0 

34.7 

38.4 

42.1 

45.8 

49.6 

63.2 

66.9 

60.6 

.6 

33.11 

37.6 

42.0 

46.4 

60.9 

56.3 

69.8 

64.2 

68.7 

73.1 

.7 

39.02 

44.2 

49.4 

64.6 

59.8 

66.0 

70.2 

76.4 

80.5 

86.7 

.8 

45.04 

51.0 

56.9 

62.8 

68.8 

74.7 

80.6 

86.6 

92.5 

98.4 

.9 

51.17 

.57.8 

64.5 

71.2 

77.8 

84.6 

91.2 

97.8 

104.6 

111.2 

l.O 

57.41 

64.8 

72.2 

79.6 

87.1 

94.6 

101.9 

109.3 

116.7 

124.1 

l.l 

63.76 

71.9 

80.1 

88.2 

96.4 

104.6 

112.7 

120.8 

129.0 

137.1 

.2 

70.22 

79.1 

88.0 

96.9 

106.8 

114.7 

123.6 

132.6 

141.3 

160.2 

.3 

76.80 

86.4 

96.1 

105.7 

115.3 

126.0 

134.6 

144.2 

163.8 

163.5 

.4 

83.48 

93.9 

104.2 

114.6 

125.0 

136.3 

146.7 

156.1 

166.4 

176.8 

.5 

90.28 

101;  4 

112.5 

123.6 

134.7 

145.8 

156.9 

168.1 

179.2 

190.3 

.6 

97.19 

109.0 

120.9 

132.7 

144.6 

156.4 

168.3 

180  1 

192.0 

203.9 

.7 

104.20 

116.8 

.  129.4 

142.0 

154.6 

167.2 

179.7 

192.3 

204.9 

217.6 

.8 

111.33 

124.7 

138.0 

151.3 

164.7 

178.0 

191.3 

204.7 

218.0 

231.3 

.9 

118.57 

132.6 

146.7 

160.8 

174.9 

188.2 

203.0 

217.1 

231.1 

245.2 

2.0 

125.93 

140.7 

155.6 

170.4 

185.2 

200.0 

214.8 

229.6 

244.4 

259.2 

2.1 

133.39 

148.9 

164.5 

180.0 

195.6 

211.1 

226.7 

242.2 

267.8 

273.3 

.2 

140.96 

157.3 

173.5 

189.8 

206.1 

222.4 

238.7 

266.0 

271.3 

287.6 

.3 

148.65 

165.7 

182.7 

199.7 

216.8 

233.8 

260.8 

267.9 

284.9 

301.9 

.4 

156.44 

174.2 

192.0 

209.8 

227.5 

245.3 

263.1 

280.8 

298.6 

316.4 

.5 

164.35 

182.9 

201.4 

219.9 

238.4 

256.9 

276.4 

293.9 

312.4 

330.9 

.6 

172.37 

191.6 

210.9 

230.2 

249.4 

268.7 

287.9 

307.2 

326.5 

346.7 

.7 

180.50 

200.5 

220.5 

240.5 

260.6 

280.6 

300.6 

320.6 

340.5 

360.6 

.8 

188.74 

209.5 

230.2 

251.0 

271.7 

292.4 

313.2 

333.9 

354.7 

375.4 

.9 

197.09 

218.6 

240.1 

261.5 

283.0 

304.5 

326.0 

347.6 

368.9 

390.4 

3.0 

205.56 

227.8 

250.0 

272.2 

294.4 

316.7 

338.9 

361.1 

383.3 

405.6 

3.1 

214.13 

237.1 

260.1 

283.0 

306.0 

328.9 

351.9 

374.9 

397.8 

490.8 

.2 

222.81 

246.5 

270.2 

293.9 

317.6 

341.3 

365.0 

388.7 

412.4 

436.1 

.3 

231.61 

256.1 

280.6 

304.9 

329.4 

353.8 

378.3 

402.7 

427.2 

451.6 

.4 

240.52 

265.7 

290.9 

316.1 

341.2 

366.4 

391.6 

416.8 

442.0 

467.1 

.5 

249.54 

275.5 

301.4 

327.3 

353.2 

379.1 

405.1 

431.0 

466.9 

482.8 

.6 

258.67 

285.3 

312.0 

338.7 

365.3 

392.0 

418.6 

446.3 

472.0 

498.7 

.7 

267.91 

295.3 

322.7 

350.1 

377.5 

404.9 

432.3 

459.7 

487.1 

514.6 

.8 

277.26 

305.4 

333.5 

361.7 

389.8 

418.0 

446.1 

474.3 

602.4 

630.6 

.9 

286.72 

315.6 

344.5 

373.4 

402.2 

431.1 

460.0 

488.9 

517.8 

646.7 

1.0 

296.30 

325.9 

355.5 

385.2 

414.8 

444.4 

474.0 

603.6 

633.3 

662.9 

l.l 

305.98 

336.3 

366.7 

397.1 

427.4 

457.8 

488.1 

618.6 

648.9 

579.2 

.2 

315.78 

346.9 

378.0 

409.1 

440.2 

471.3 

502.4 

633.6 

564.6 

596.7 

.3 

325.69 

357.5 

389.4 

"421.2 

453.1 

484.9 

616.8 

648.6 

580.6 

612.5 

.4 

335.70 

368.3 

400.9 

433.5 

466.1 

498.7 

631.2 

563.8 

596.4 

629.0 

.5 

345.83 

379.2 

412.5 

445.8 

479.2 

512.5 

546.8 

679.2 

612.5 

645.3 

.6 

356.07 

390.1 

424.2 

458.3 

492.4 

526.4 

660.6 

694.6 

628.6 

662.7 

.7 

366.43 

401.2 

436.1 

470.9 

505.7 

640.6 

675.3 

610.1 

644.9 

679.8 

.8 

376.89 

412.4 

448.0 

483.6 

519.1 

654.7 

590.2 

625.7 

661.3 

696.9 

.9 

387.46 

423.8 

460.0 

496.3 

532.6 

568.9 

605.2 

641.6 

677.8 

714.1 

5.0 

398.15 

435.2 

472.2 

509.3 

646.3 

583.3 

620.3 

667.4 

694.4 

731.4 

5.1 

408.9 

446.7 

484.5 

522.3 

660.0 

597.8 

635.6 

673.3 

711.1 

748.9 

.2 

419.9 

458.4 

496.9 

535.4 

573.9 

612.4 

650.9 

689.4 

727.9 

766.4 

.3 

430.9 

470.1 

509.4 

648.6 

587.9 

627.1 

666.4 

706.6 

744.9 

784.1 

.4 

442.0 

482.0 

522.0 

562.0 

602.0 

642.0 

681.9 

721.9 

761.9 

801.9 

.5 

453.2 

494.0 

534.7 

575.4 

616.2 

656.9 

697.6 

738.4 

779.1 

819.8 

.6 

464.6 

506.1 

547.5 

589.0 

630.6 

671.9 

713.4 

754.9 

796.4 

837.8 

,7 

476.1 

518.3 

560.5 

602.7 

644.9 

687.2 

729.4 

771.6 

813.8 

856.0 

.8 

487.6 

530.6 

573.6 

616.5 

659.5 

702.4 

745.4 

788.4 

831.3 

874.8 

.9 

499.3 

543.0 

586.7 

630.4 

674.1 

717.8 

761.6 

805.2 

848.9 

892.6 

5.0 

511.1 

555.6 

600.0 

644.4 

688.9 

733.3 

777.8 

822.2 

866.7     911.11 

TABLE  XIX.— CU.  YDS.  PER  100  FT. 

SLOPES  IH  TO  1- 

461 

Ft. 

Width  of  base  ( «2&)  in  feet. 

14 

16 

18 

20 

22 

24 

26 

28 

80 

82 

6.1 

523.0 

568.2 

613.4 

658.6 

703.7 

748.9 

794.1 

839.3 

884.5 

829.6 

.2 

535.0 

581.0 

626.9 

672.8 

718.8 

764.7 

810.6 

856.6 

902.5 

948.4 

.3 

547.2 

593.8 

640.5 

687.2 

733.8 

780.5 

827.2 

873.8 

920.5 

967.2 

.4 

559.4 

606.8 

654.2 

701.6 

749.1 

796.5 

843.9 

891.3 

938.7 

986.1 

.6 

571.8 

619.9 

668.1 

716.2 

764.4 

812.5 

860.7 

908.8 

857.0 

1005.1 

.6 

584.2 

633.1 

682.0 

730.9 

779.8 

828.7 

877.6 

926.5 

975.3 

1024.2 

.7 

590.8 

646.4 

696.1 

745.7 

795.3 

845.0 

894.6 

944.2 

993.8 

1043.5 

.8 

609.5 

659.9 

710.2 

760.6 

811.0 

861.3 

911.7 

962.1 

1015.1 

1065.5 

.0 

622.3 

673.4 

724.5 

775.6 

826.7 

877.8 

928.9 

980.1 

1031.2 

1082.3 

7.0 

635.2 

687.0 

738.9 

790.7 

842.6 

894.4 

946.3 

998.1 

1050.0 

1101.8 

7.1 

648.2 

700.8 

753.4 

806.0 

858.6 

911.2 

963.7 

1016.3 

1068.9 

1121.5 

.2 

661.3 

714.7 

768.0 

821.3 

874.7 

928.0 

981.3 

1034.6 

1088.0 

1141.3 

.3 

674.6 

728.6 

782.7 

836.8 

890.9 

944.9 

999.0 

1053.1 

1107.1 

1161.2 

.4 

687.9 

742.7 

797.6 

852.4 

907.2 

962.0 

1016.8 

1071.6 

1126.4 

1181.2 

.6 

701.4 

757.0 

812.5 

868.1 

923.6 

979.2 

1034.7 

1090.3 

1146.8 

1201.4 

.6 

716.0 

771.3 

827.6 

883.9 

940.2 

996.5 

1052.8 

1109.1 

1165.4 

1221.7 

.7 

728.7 

785.7 

842.7 

899.8 

956.8 

1013.9 

1070.9 

1127.9 

1185.0 

1242.0 

.8 

742.4 

800.2 

858.0 

915.8 

973.5 

1031.3 

1089.1 

1146.9 

1204.7 

1262.4 

.9 

756.4 

914.9 

873.4 

931.9 

990.4 

1048.9 

1107.4 

1165.9 

1224.4 

1282.9 

8.0 

770.4 

829.6 

888.9 

948.2 

10OT.4 

1066.7 

1125.9 

1185.2 

1244.5 

1303.7 

8.1 

784.5 

844.5 

904.5 

964.5 

1024.5 

1084.5 

1144.5 

1204.6 

1264.6 

1324.5 

.2 

798.7 

859.5 

920.2 

981.0 

1041.7 

1102.4 

1163.2 

1223.9 

1284.7 

1345.4 

.3 

813.1 

874.6 

936.1 

997.5 

1059.0 

1120.5 

1182.0 

1243.5 

1304.9 

1366.4 

.4 

827.6 

889.8 

952.0 

1014.2 

1076.4 

1138.7 

1200.9 

1263.1 

1325.3 

1387.6 

.6 

842.1 

905.1 

968.1 

1031.0 

1094.0 

1156.9 

1219.9 

1282.9 

1345.8 

1408.8 

.6 

866.8 

920.5 

984.2 

1047.9 

1111.6 

1175.3 

1239.0 

1302.7 

1366.4 

1430.1 

.7 

871.6 

936.1 

1000.5 

1064.9 

U29.4 

1193.8 

1258.3 

1322.7 

1387.2 

1451.6 

.8 

886.5 

951.7 

1016.9 

1082.1 

1147.2 

1212.4 

1277.6 

1342.8 

1408.0 

1473.1 

.9 

901.6 

967.5 

1033.4 

1099.3 

1165.2 

1231.1 

1297.1 

1303.0 

1428.9 

1494.8 

9.0 

916.7 

983.3 

1050.0 

1116.7 

1183.3 

1250.0 

1316.7 

1383.3 

1450.0 

1516.7 

9.1 

931.9 

999.3 

1066.7 

1134.1 

1201.6 

1269.0 

1336.4 

1403.8 

1471.2 

1538.6 

.2 

947.3 

1015.4 

1083.6 

1151.7 

1219.9 

1288.0 

1356.2 

1424.3 

1492.5 

1560.6 

.3 

962.7 

1031.6 

1100.5 

1169.4 

1238.3 

1307.2 

1376.1 

1444.9 

1513.8 

1582.7 

.4 

978.3 

1047.9 

1117.6 

1187.2 

1256.8 

1326.5 

1396.1 

1465.7 

1535.3 

1605.0 

.6 

994.0 

1064.4 

1134.7 

1205.1 

1275.6 

1345.8 

1416.2 

1486.6 

1556.9 

1627.3 

.6 

1009.8 

1080.9 

1152.0 

1223.1 

1294.2 

1365.3 

1436.4 

1507.6 

1578.7 

1649.8 

.7 

1026.7 

1097.5 

1169.4 

1241.2 

1313.1 

1384.9 

1456.8 

1528.6 

1600.5 

1672.3 

.8 

1041.7    1114.3 

1186.9 

1259.5 

1332.1 

1404.7 

1477.2 

1549.8 

1622.4 

1695.0 

.9 

1057.8 

1131.2 

1204.5 

1277.8 

1351.1 

1424.5 

1497.8 

1571.1 

1644.5 

1717.8 

10.0 

1074.1. 

1148.1 

1222.2 

1296.3 

1370.4 

1444.4 

1518.5 

1592.6 

1666.6 

1740.7 

10.1 

1090.4 

1165.3 

1240.1 

1314.9 

1389.7 

1464.5 

1539.4 

1614.2 

1689.0 

1763.8 

.2 

1106.9 

1182.5 

1258.0 

1333.6 

1409.1 

1484.7 

1560.2 

1635.8 

1711.3 

1786.9 

.3 

1123.5 

1199.8 

1276.1 

1352.4 

1428.7 

1505.0 

1581.3 

1657.6 

1733.9 

1810.2 

.4 

1140.2 

1217.2 

1294.2 

1371.3 

1448.3 

1525.4 

1602.4 

1679.4 

1756.5 

1833.5 

.5 

1156.9 

1234.7 

1312.5 

1390.3 

1468.1 

1545.8 

1623.6 

1701.4 

1779.2 

1856.9 

.6 

1173.9 

1252.4 

1330.9 

1409.4 

1487.9 

1566.6 

1645.0 

1723.5 

1802.0 

1880.5 

.7 

1190.9 
1208.0 

1270.1 

1349.4 

1428.7 

1507.9 

1587.2 

1666.4 

1745.7 

1825.0 

1904.2 

.8 

1288.0 

1368.0 

1448.0 

1528.0 

1608.0 

1688.0 

1768.0 

1848.0 

1928.0 

.9 

1225.2 

1306.0 

1386.7 

1467.5 

1548.2 

1628.9 

1709.7 

1790.4 

1871.2 

1951.9 

U.O 

1242.6 

1324.1 

1405.6 

1487.0 

1568.6 

1650.0 

1731.6 

1813.0 

1894.4 

1975.9 

11.1 

1260.1 

1342.3 

1424.5 

1506.7 

1588.9 

1671.2 

1753.4 

1836.6 

1917.8 

2000.1 

.2 

1277.6 

1360.6 

1443.6 

1526.5 

1609.5 

1692.4 

1775.4 

1858.4 

1947.6 

2036.9 

.3 

1295.3 

1379.0 

1462.7 

1546.4 

1630.1 

1713.8 

1797.5 

1881.2 

1964.9 

2048.6 

.4 

1313.1 

1397.6 

1482.0 

1566.4 

1650.9 

1735.3 

1819.8 

1904.2 

1988.7 

2073.1 

.5 

1331.0 

1416.2 

1501.4 

1586.6 

1671.7 

1756.9 

1842.1 

1927.3 

2012.5 

2097.6 

.6 

1349.0 

1435.0 

1520.9 

1606.8 

1692.8 

1778.7 

1864.6 

1950.6 

2036.5 

2122.4 

.7 

1367.2 

1453.8 

1540.5 

1627.2 

1713.8 

1800.5 

1887.2 

1973.8 

2060.5 

2147.2 

.6 

1385.4 

1472.8 

1560.2 

1647.6 

1735.1 

1822.6 

1909.9 

1997.3 

2084.7 

2172.1 

.9 

1403.8 

1491.9 

1580.1 

1668.2 

1756.4 

1844.5 

1932.7 

2020.8 

2109.0 

2197.1 

12.0a422.2 

1511.1 

1600.0 

1688.9 

1777.8 

1866.7 

1955.6 

2044.4 

2133.3 

2222.2 
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TABLE  XIX.— CU.  YDS.  PER  100  FT.  SLOPES  IJ^  TO  1. 

Ht. 
in 
Ft. 

Width  of  base  ( =26)  in  feet.                | 

14 

16 

18 

20 

S2 

S4 

26 

28 

80 

82 

12.1 

1440.8 

1530.4 

1620.1 

1709.7 

1799.3 

1889.0 

1978.6 

2068.2 

2157.8 

2247.5 

.2 

1459.5 

1549.9 

1640.2 

1730.6 

1821.0 

1911.3 

2001.7 

2092.1 

2182.4 

2272.8 

.3 

1478.3 

1569.4 

1660.5 

1751.6 

1842.7 

1933.8 

2024.9 

2116.1 

2207.2 

2298.3 

.4 

1497.2 

1589.0 

1680.9 

1772.7 

1864.6 

1956.4 

2048.3 

2140.1 

2232.0 

2323.8 

.5 

1516.2 

1608.8 

1701.4 

1794.0 

1886.6 

1979.2 

2071.7 

2164.3 

2256.9 

2349.5 

.6 

1535.3 

1628.7 

1722.0 

1815.3 

1908.7 

2002.0 

2095.3 

2188.6 

2282.0 

2375.3 

.7 

1554.6 

1648.6 

1742.7 

1836.8 

1930.9 

2024.9 

2119.0 

2213.1 

2307.1 

2401.2 

.8 

1573.9 

1668.7 

1763.5 

1858.4 

1953.2 

2048.0 

2142.8 

2237.6 

2332.4 

2427.2 

.9 

1593.4 

1689.0 

1784.5 

1880 . 1 

1975.6 

2071.2 

2166.7 

2262.3 

2357.8 

2453.4 

13.0 

1613.0 

1709.3 

1805.6 

1901.9 

1998.2 

2094.5 

2190.8 

2287.1 

2383.4 

2479.6 

13.1 

1632.6 

1729.7 

1826.7 

1923.8 

2020.8 

2117.9 

2214.9 

2311.9 

2409.0 

2506.0 

.2 

1652.4 

1750.2 

1848.0 

1945.8 

2043.6 

2141.3 

2239.1 

2336.9 

2434.7 

2532.4 

.3 

1672.4 

1770.9 

1869.4 

1967.9 

2066.4 

2165.0 

2263.5 

2362.0 

2460.5 

2559.0 

.4 

1692.4 

1791.6 

1890.9 

1990.2 

2089.4 

2188.7 

2287.9 

2387.2 

2486.6 

2585.7 

.5 

1712.5 

1812.6 

1912.5 

2012.5 

2112.5 

2212.5 

2312.5 

2412.5 

2512.5 

2612.5 

.6 

1732.7 

1833.5 

1934.2 

2035.0 

2135.7 

2236.4 

2337.2 

2437.9 

2538.7 

2639.4 

.7 

1753.1 

1854.6 

1956.1 

2057.5 

2159.0 

2260.5 

2362.0 

2463.6 

2564.9 

2666.4 

.8 

1773.6 

1875.8 

1978.0 

2080.2 

2182.4 

2284.7 

2386.9 

2489.1 

2591.3 

2603.5 

.9 

1794.1 

1897.1 

2000.1 

2103.0 

2206.0 

2308.9 

2411.9 

2514.9 

2617.8 

2720.8 

14.0 

1814.8 

1918.5 

2022.2 

2125.9 

2229.6 

2333.3 

2437.0 

2540.7 

2644.4 

2748.1 

14.1 

1835.6 

1940.1 

2044.5 

2148.9 

2253.4 

2357.8 

2462.3 

2566.7 

2671.1 

2775.6 

.2 

1856.5 

1961.7 

2066.9 

2172.1 

2277.3 

2382.5 

2487.7 

2592.9 

2698.0 

2803.2 

.3 

1877.5 

1983.5 

2089.4 

2195.3 

2301.3 

2407.2 

2513.1 

2619.1 

2726.0 

2830.9 

.4 

1898.7 

2005.3 

2112.0 

2218.7 

2325.3 

2432.0 

2538.7 

2645.3 

2752.0 

2858.7 

.5 

1919.9 

2027.3 

2134.7 

2242.1 

2349.6 

2457.0 

2564.4 

2671.8 

2779.2 

2886.6 

.6 

1941.3 

2049.4 

2157.6 

2265.7 

2373.9 

2482.0 

2590.2 

2698.3 

2806.5 

2914.6 

.7 

1962.7 

2071.6 

2180.5 

2289.4 

2398.3 

2507.2 

2616.1 

2725.0 

2833  8 

2942.7 

.8 

1984.3 

2093.9 

2203.6 

2313.2 

2422.8 

2532.5 

2642.1 

2751.7 

2861.3 

2071.0 

.9 

2006.0 

2116.4 

2226.7 

2337.1 

2447.5 

2557.8 

2668.2 

2778.6 

2888.9 

2000.3 

15.0 

2027.8 

2138.9 

2250.0 

2361.1 

2472.2 

2583.3 

2694.4 

2805.6 

2916.7 

3027.8 

16 

2252 

2370 

2489 

2607 

2726 

2844 

2963 

3081 

3200 

3310 

17 

2487 

2613 

2739 

2865 

2991 

3117 

3243 

3369 

3494 

3620 

18 

2733 

2867 

3000 

3133 

3267 

3400 

3533 

3667 

3800 

3033 

19 

2991 

3131 

3272 

3413 

3554 

3694 

3835 

3976 

4117 

4257 

20 

3259 

3407 

3556 

3704 

3852 

4000 

4148 

4296 

4444 

4502 

21 

3539 

3694 

3850 

4005 

4161 

4317 

4472 

4628 

4783 

4030 

22 

3830 

3993 

4156 

4318 

4481 

4644 

4807 

4970 

5133 

5206 

23 

4133 

4302 

4472 

4642 

4813 

4983 

5154 

5324 

5494 

5665 

24 

4444 

4622 

4800 

4978 

5156 

5333 

5511 

6680 

5867 

6044 

25 

4769 

4954 

5139 

5324 

5509 

5694 

5880 

6065 

6250 

6435 

26 

510i 

5296 

5489 

5681 

5874 

6067 

6259 

6452 

6644 

6837 

27 

5450 

5650 

5850 

6050 

6250 

6450 

6650 

6850 

7050 

7250 

28 

5807 

6015 

6222 

6430 

6637 

6844 

7052 

7259 

7467 

7674 

29 

6176 

6391 

6606 

6320 

7035 

7250 

7465 

7680 

7894 

8100 

30 

6556 

6778 

7000 

7222 

7444 

7667 

7889 

8111 

8333 

8555 

31 

6946 

7176 

7406 

7635 

7865 

8094 

8324 

8554 

8783 

9013 

32 

7348 

7585 

7822 

8059 

8296 

8533 

8770 

9007 

9244 

9482 

33 

7761 

8006 

8250 

8494 

8739 

8983 

9228 

9472 

9717 

9962 

34 

8185 

8437 

8689 

8941 

9193 

9444 

9696 

9948 

10200 

10452 

35 

8620 

8880 

9139 

9398 

9657 

9917 

10176 

10435 

10694 

10054 

36 

9067 

9333 

9600 

9867 

10133 

10300 

10467 

10933 

11200 

11467 

37 

9524 

9798 

10072 

10346 

10620 

10895 

11169 

11443 

11717 

11901 

38 

9993 

10274 

10556 

10837 

11119 

11400 

11681 

11963 

12244 

12526 

39 

10472 

10761 

11050 

11339 

11628 

11917 

12206 

12494 

12783 

13072 

40 

10963 

11259 

11556 

11852 

12148 

12444 

12741 

13037 

13333 

13630 

41 

11465 

11769 

12072 

12376 

12680 

12983 

13287 

13591 

13804 

14108 

42 

11978 

12289 

12600 

12911 

13223 

13534 

13845 

14156 

14467 

14778 

43 

12502 

12820 

13139 

13457 

13776 

14094 

14413 

14731 

15050 

15360 

44 

13037 

13363 

13689 

14015 

14341 

14667 

14993 

15319 

15644 

16070 

45 

13583 

13917 

14250 

14583 

14917 

15250 

15683. 

16917 

16250 

16683 

XIX.— CUBIC  YARDS  PER  100  FftET.    SLOPES  3  : 1.  463 


IVspth 

BaM 

Base 

Ba^ 

BBSS 

Base 

Ba^fi 

Ba^e 

BaM 

12 

14 

16 

18 

20 

2a 

80 

33 

1 

58 

59 

67 

74 

81 

111 

119 

186 

8 

119 

133 

148 

163 

178 

887 

858 

267 

8 

80O 

228 

244 

267 

889 

878 

400 

488 

4 

896 

826 

856 

885 

415 

588 

563 

668 

5 

407 

444 

481 

519 

556 

704 

741 

778 

6 

533 

578 

622 

667 

711 

889 

938 

978 

7 

674 

726 

778 

880 

881 

1089 

1141 

1193 

8 

830 

889 

948 

1007 

1067 

1804 

1363 

1488 

9 

1000 

1067 

1183 

1800 

1267 

1538 

1600 

1667 

10 

1185 

1859 

1333 

1407 

1481 

1778 

1858 

1986 

U 

1885 

1467 

1548 

1680 

1711 

8087 

8119 

8800 

18 

1600 

1689 

1778 

1867 

1956 

8811 

2400 

8489 

18 

1830 

1926 

8022 

8119 

8215 

8600 

8696 

8798 

14 

8074 

8178 

8281 

8885 

8489 

8904 

8007 

8111 

15 

8388 

8444 

8556 

2667 

8778 

8288 

8338 

8444 

16 

8607 

8726 

2844 

8968 

8081 

8556 

8674 

8798 

17 

8896 

3082 

8148 

3274 

8400 

3904 

4030 

4156 

18 

8200 

5333 

8467 

3600 

8733 

4867 

4400 

4583 

19 

8519 

8659 

8800 

8941 

4081 

4644 

4785 

4986 

80 

8858 

4000 

4148 

4896 

4444 

5037 

5185 

6888 

81 

4900 

4856 

4511 

4667 

4822 

5444 

6600 

5766 

88 

4568 

4730 

4889 

5052 

5215 

5867 

6030 

6198 

88 

4941 

5111 

5281 

5452 

5628 

6804 

6474 

6644 

84 

6833 

5511 

5689 

5867 

6044 

6756 

6938 

nil 

85 

5741 

5986 

6111 

6896 

6481 

7288 

7407 

7698 

86 

6163 

6356 

6548 

6741 

6933 

7704 

7896 

8089 

87 

6600 

6800 

7000 

7800 

7400 

8800 

8400 

8600 

88 

7052 

7859 

7467 

7674 

7881 

8711 

8919 

9186 

89 

7519 

77S3 

7948 

8168 

8878 

9237 

9458 

9667 

80 

8000 

8822 

8444 

8667 

8889 

9778 

10000 

10388 

81 

8496 

8726 

8956 

9185 

9415 

10338 

10568 

10798 

88 

9007 

9244 

9481 

9719 

9956 

10904 

11141 

11878 

88 

9583 

9778 

10022 

10267 

10511 

11489 

11788 

11978 

84 

10074 

1U326 

10578 

10830 

11081 

12089 

12341 

12598 

86 

10630 

10889 

11148 

11407 

11667 

12704 

18963 

13228 

86 

11800 

11467 

11738 

12000 

18267 

13333 

13600 

13867 

87 

11785 

12059 

12333 

12607 

12381 

13978 

14853 

14636 

88 

18385 

18667 

12948 

13230 

13511 

14637 

14919 

1580O 

89 

18000 

13289 

13578 

13867 

14156 

15311 

15600 

15889 

40 

13630 

13926 

14222 

14519 

14815 

16000 

16896 

16598 

41 

14874 

14578 

14881 

15185 

15189 

16704 

17007 

17811 

48 

141)33 

15244 

155:^6 

15867 

16178 

17428 

17733 

18044 

48 

15607 

15926 

16224 

16563 

16881 

18156 

18474 

18793 

44 

16896 

16C22 

16948 

17274 

17600 

18904- 

19230 

19556 

45 

17000 

17333 

17C67 

18000 

18333 

19667 

80000 

20333 

46 

17719 

18059 

18400 

18741 

19081 

20444 

80785 

21126 

47 

1815<2 

18800 

19148 

19496 

19844 

21287 

81585 

21933 

48 

19800 

19556 

19911 

20867 

20022 

22044 

22400 

28756 

49 

19963 

80826 

80689 

21052 

21415 

22867 

23230 

23598 

60 

80741 

80711 

21481 

21858 

22288 

83704 

84074 

84444 

51 

81.33 

81911 

82889 

22667 

83044 

84556 

84933 

85811 

(S8 

88-^1 

22726 

28111 

83496 

23881 

25488 

85807 

26193 

08 

83163 

8^556 

83948 

84341 

84783 

86304 

86696 

2r089 

54 

84000 

24400 

84800 

85200 

85600 

27200 

87600 

28000 

55 

84858 

25259 

85667 

86074 

86481 

88111 

88519 

28926 

66 

85719 

86133 

86548 

86968 

27378 

29037 

89452 

29867 

67 

86600 

87088 

87444 

87867 

88289 

89978 

80400 

30888 

68 

87490 

87986 

88856 

88785 

89815 

80983 

81363 

31798 

60 

38407 

88844 

89881 

89719 

80156 

81904 

88841 

32778 

60 

89888 

89778 

80888 

80667 

81111 

88888 

88888 

8877B 

d  by  Google 


464  XIX.— CUBIC  YARDS  PER  100  FEET.    SLOPES  8: 1. 


toepth 

Base 

Base 

Base 

Base 

Base 

Base 

Base 

Base 

12 

14 

16 

18 

20 

28 

30 

38 

1 

56 

63 

70 

78 

85 

115 

122 

180 

2 

133 

148 

163 

178 

193 

262 

267 

281 

8 

233 

256 

278 

800 

822 

411 

438 

456 

4 

856 

885 

415 

444 

474 

693 

622 

658 

5 

500 

637 

674 

611 

648 

796 

833 

870 

6 

667 

711 

756 

800 

844 

1022 

1067 

1111 

7 

856 

907 

959 

1011 

1063 

1270 

1322 

1374 

8 

1067 

1126 

1186 

1244 

1304 

1541 

1600 

1659 

9 

1300 

1367 

1433 

1500 

1567 

1838 

1900 

1967 

10 

1566 

1630 

1704 

1778 

1862 

2148 

2222 

2296 

11 

1883 

1915 

1996 

2078 

2159 

8486 

2567 

8648 

Vt 

2133 

2282 

2311 

2400 

2489 

2844 

am 

8022 

13 

2456 

2652 

2648 

2744 

2841 

8226 

832^ 

8419 

14 

2800 

2904 

•8007 

8111 

8215 

8630 

8733 

8887 

15 

8167 

3278 

3389 

3500 

8611 

4066 

4167 

4278 

16 

3674 

3793 

3911 

4030 

4604 

4C23 

4741 

17 

8967 

4093 

4219 

4344 

4470 

4974 

51(^0 

6886 

18 

4400 

4533 

4667 

4800 

4933 

6467 

6CW 

5788 

19 

4856 

4996 

5137 

6278 

5419 

6981 

61^ 

6868 

80 

6333 

6481 

5630 

6778 

6926 

6519 

6ec7 

6815 

21 

6833 

5969 

6144 

6300 

6456 

7078 

7S33 

7S89 

22 

6356 

6519 

6681 

6844 

701^7 

7659 

7H22 

7965 

28 

6900 

7070 

7241 

7411 

7581 

8268 

^m 

8604 

24 

7467 

7644 

7822 

8000 

8178 

8889 

9i}e7 

9144 

25 

8056 

8241 

8426 

8611 

8796 

9587 

97i>^ 

9807 

26 

8667 

8859 

9052 

9244 

9437 

10207 

lOlW 

10693 

27 

9300 

9500 

9700 

9900 

10100 

10900 

111  00 

11800 

28 

9956 

10163 

10370 

10578 

10786 

11616 

iieej 

12060 

29 

10633 

10848 

11063 

11278 

11493 

12352 

12567 

12781 

80 

11333 

11556 

11778 

12000 

12222 

18111 

1«£J3 

18666 

81 

12066 

12285 

12515 

12744 

12974 

13898 

14122 

14868 

82 

12800 

13037 

13274 

13511 

13748 

14696 

14983 

16170 

83 

13567 

13811 

14056 

14300 

14544 

15522 

15767 

16011 

84 

14356 

14607 

14859 

15111 

15368 

16870 

16628 

16874 

85 

15167 

15426 

15685 

15944 

16204 

17241 

17600 

17759 

86 

16000 

16267 

16583 

16800 

17067 

18188 

18400 

18667 

87 

16856 

17130 

17404 

17678 

17952 

19048 

19882 

19696 

88 

ir?33 

18016 

18296 

18678 

18859 

19986 

80867 

80548 

89 

18633 

18922 

19211 

19500 

19789 

20944 

21288 

81588 

40 

19556 

19852 

20148 

20444 

20741 

21926 

22822 

22516 

41 

20500 

20804 

21107 

21411 

2in5 

22980 

'2a2si 

28687 

42 

21467 

21778 

22069 

22400 

22711 

23956 

24367 

84578 

43 

22456 

22774 

23093 

23411 

23730 

250M 

2Bfm 

25641 

44 

23467 

23793 

24119 

24444 

24770 

26074 

26401) 

26726 

45 

24500 

24833 

25167 

25500 

25833 

27167 

27r^J 

27888 

46 

25566 

25896 

26237 

86578 

26919 

28281 

fmt2 

28968 

47 

26633 

26961 

27330 

27678 

28026 

29419 

29747 

80116 

48 

27738 

28069 

28444 

28800 

29156 

80578 

9m& 

81280 

49 

28856 

89219 

20581 

29944 

80307 

81759 

SZV^i 

88486 

60 

80000 

80370 

80741 

81111 

81481 

82963 

88333 

88704 

61 

81167 

81544 

81922 

82300 

32678 

84189 

84567 

84944 

52 

32356 

82741 

33126 

83511 

83896 

85487 

85828 

86207 

53 

33567 

83969 

34352 

84744 

35137 

86707 

87100 

87493 

54 

34800 

85200 

35600 

36O0O 

36400 

88000 

88400 

88800 

65 

860P6 

86463 

36870 

87278 

37685 

89315 

89728 

4(180 

66 

37748 

88163 

88578 

38998 

40652 

41067 

41481 

6? 

88633 

39066 

89478 

89900 

40322 

42011 

42488 

42866 

68 

39956 

40386 

40615 

41244 

41674 

43893 

48828 

44268 

50 

41300 

41737 

42174 

42611 

43048 

44796 

45888 

46670 

60 

42667 

43111 

48556 

44000 

44444 

46288 

46667 

47111 

by  Google 


TABLE  XX.— CUBIC  YARDS  IN  100  FEET  LENQTH  465 


Area. 
Ft. 

Cubic 

Area. 
Ft. 

Cubic 

Area. 
Ft. 

101 

Cubic 

Area. 

Cubic 

Area. 

1?: 

Cubic 

Yards. 

Yards. 

Yards. 

Yards. 

Yards. 

1 

8.7 

51 

188.9 

"  874.1 

161 

669.3 

201 

744.4 

2 

7.4 

52 

192.6 

102 

377.8 

162 

668.0 

202 

748.2 

8 

11.1 

63 

196.3 

103 

881  5 

153 

566.7 

208 

761.9 

4 

14.8 

64 

200.0 

104 

385.2 

154 

670.4 

204 

766.6 

6 

18.6 

55 

208.7 

105 

8889 

156 

674.1 

906 

769.8 

6 

22.2 

56 

207.4 

106 

392.6 

156 

577.8 

206 

763.0 

7 

25.9 

57 

211.1 

107 

396.8 

167 

581.6 

207 

766.7 

8 

29.6 

58 

214.8 

108 

4000 

168 

686.2 

208 

770.4 

9 

33.8 

59 

218.5 

109 

408.7 

169 

588.9 

209 

774.1 

10 

37.0 

60 

222.2 

110 

407.4 

160 

692.6 

210 

777.8 

11 

40.7 

61 

225.9 

111 

411.1 

161 

596.3 

211 

781.5 

12 

44.4 

62 

229.6 

112 

414.8 

162 

600.0 

212 

786.2 

13 

48.1 

63 

23:^.3 

118 

418.5 

163 

608.7 

213 

788.9 

14 

51.9 

64 

237.0 

114 

422.2 

164 

607.4 

214 

792.6 

15 

55.6 

65 

240.7 

115 

425.9 

166 

611.1 

216 

796.8 

16 

69.8 

66 

244.4 

116 

429.6 

166 

614  8 

216 

800.0 

17 

63.0 

67 

248.2 

117 

433.8 

167 

618.5 

217 

808.7 

18 

66.7 

68 

251.9 

118 

437.0 

168 

622.2 

218 

807.4 

19 

70.4 

69 

255.6 

119 

440.7 

169 

626.9 

219 

811.1 

20 

74.1 

70 

269.8 

120 

444.4 

ITO 

629.6 

220 

814.8 

21 

77.8 

71 

268.0 

121 

448.2 

171 

633.8 

221 

818.5 

2» 

81.6 

72 

266.7 

122 

451.9 

172 

687.0 

222 

822.2 

23 

85.2 

78 

270.4 

123 

455  6 

1T3 

640.7 

228 

825.9 

24 

88.9 

74 

274.1 

124 

459.3 

174 

644.4 

224 

829.6 

25 

92.6 

75 

277.8 

125 

463.0 

175 

648.2 

226 

833.3 

26 

96.8 

76 

281.5 

126 

466.7 

176 

661.9 

226 

887.0 

•     27 

100.0 

77 

2852 

127 

470.4 

177 

656.6 

227 

840.7 

28 

103.7 

78 

288.9 

128 

474  1 

178 

669  8 

228 

844.4 

29 

107.4 

79 

292.6 

129 

477.8 

179 

663.0 

229 

848.2 

80 

111.1 

80 

296.3 

130 

481.5 

180 

666.7 

230 

851.9 

81 

114.8 

81 

300.0 

131 

485.2 

181 

670.4 

281 

855.6 

82 

118.6 

82 

803.7 

132 

488  9 

182 

674.1 

282 

859.8 

83 

122.2 

88 

30r.4 

133 

492.6 

188 

677.8 

283 

863.0 

84 

126.9 

84 

311.1 

i;m 

496.3 

184 

681.5 

284 

866.7 

35 

139  6 

85 

814.8 

135 

500.0 

186 

6862 

286 

870.4 

36 

133.8 

86 

318.5 

136 

503  7 

186 

688.9 

286 

874.1 

87 

137.0 

87 

332.2 

137 

607.4 

187 

692.6 

287 

877.8 

88 

140.7 

88 

325.9 

138 

511.1 

188 

6968 

288 

881.5 

89 

144  4 

89 

329.6 

139 

614.8 

189 

700.0 

239 

885.2 

40 

148.2 

90 

3:^.8 

140 

618.5 

190 

708.7 

240 

888.9 

41 

151.9 

91 

887.0 

141 

522.2 

191 

707.4 

241 

892.6 

42 

155.6 

92 

840.7 

142 

625.9 

19S 

711.1 

242 

896.3 

43 

159.3 

98 

844.4 

143 

629.6 

193 

714.8 

243 

900.0 

44 

163.0 

94 

348.2 

144 

533  8 

194 

718.6 

244 

908.7 

45 

166.7 

95 

361.9 

145 

537.0 

195 

722.2 

246 

907.4 

46 

170.4 

96 

855.6 

146 

540.7 

196 

725.9 

246 

911.1 

47 

174.1 

97 

859.8 

147 

544.4 

197 

729.6 

247 

914.8 

48 

177.8 

98 

868.0 

148 

548.2 

198 

733.8 

248 

918.6 

49 

181.5 

99 

866.7 

149 

651.9 

199 

737.0 

249 

922.2 

«, 

185.2 

100 

876.4 

160 

665.6 

200 

740.7 

250 

926.9 
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466  TABLE  XX.— CUBIC  YARDS  IN  100  FEET  LENGTH. 


Area. 

Cubic 

Area. 

Cubic 

Area. 

Cubic 

Area. 
Ft. 

Cubic 

Area. 

Oabic 

1^. 

Yards. 

Yards. 

Yards. 

Yards. 

1?; 

Yards. 

251 

929.6 

801 

1114.8 

851 

'1800.0 

401 

1485.2 

451 

1670.4 

2S2 

988.8 

803 

1118.5 

352 

1308.7 

402 

1488.9 

152 

1674.1 

868 

987.0 

808 

1122.2 

868 

1307.4 

408 

1492.6 

458 

1677.8 

354 

940.7 

804 

1125.9 

354 

1311.1 

404 

1496.8 

454 

1681.5 

255 

944.4 

805 

1129.6 

855 

1314.8 

406 

1500.0 

455 

1686.2 

266 

948.2 

806 

1138.8 

856 

1318.5 

406 

1508,7 

456 

1688.9 

257 

951.9 

307 

1137.0 

857 

1322.2 

407 

1507.4 

467 

1602.6 

258 

955.6 

806 

1140.7 

858 

1326.9 

408 

1511.1 

458 

1696.8 

259 

959.8 

809 

1144.4 

859 

1329.6 

409 

1614.8 

450 

1700.0 

260 

968.0 

810 

1148.2 

860 

1838.8 

410 

1518.5 

460 

1708.7 

261 

966.7 

811 

1151.9 

361 

1387.0 

411 

1522.2 

461 

1707.4 

262 

970.4 

312 

1155.6 

862 

1840.7 

412 

1525.9 

462 

1711.1 

268 

974.1 

318 

1169.3 

363 

1344.4 

418 

1529.6 

461 

1714.8 

264 

977.8 

814 

1163.0 

864 

1348.2 

414 

1588.8 

464 

1718.6 

265 

981.5 

.315 

1166.7 

365 

1351.9 

415 

1537.0 

465 

1722.2 

266 

985.2 

816 

1170.4 

866 

1355.6 

416 

1540.7 

466 

1726.9 

267 

988.9 

817 

1174.1 

867 

1359.8 

417 

1544.4 

467 

1729.6 

268 

992.6 

318 

1177.8 

868 

1368.0 

418 

1548.2 

468 

1738.8 

269 

996.8 

819 

1181.5 

869 

1366.7 

419 

1551.9 

469 

1787.0 

270 

1000.0 

820 

1185.2 

870 

1370.4 

420 

1555.6 

470 

1740.7 

271 

1008.7 

321 

1188.9 

871 

1374.1 

421 

1659.8 

471 

1744.4 

272 

1007.4 

822 

1192.6 

872 

i3rr.8 

422 

1568.0 

472 

1748.2 

278 

1011.1 

828 

1196.8 

378 

1381.5 

423 

1566.7 

478 

1751.9 

274 

1014.8 

824 

1200.0 

374 

1385.2 

424 

1570.4 

474 

1756.6 

275 

1018.5 

825 

1208.7 

875 

1388.9 

425 

1574.1 

475 

1759.8 

276 

1022.2 

826 

1207.4 

876 

1392.6 

426 

1577.8 

476 

1768.0 

277 

1025.9 

827 

1211.1 

877 

1396.8 

427 

1581.6 

477 

1766.7 

278^ 
27? 

1029.6 

828 

1214.8 

378 

1400.0 

428 

1585.2 

478 

1770.4 

1088.8 

329 

1218.5 

879 

1408.7 

429 

1688.9 

479 

1774.1 

280 

1087.0 

830 

1222.2 

880 

1407.4 

430 

1592.6 

480 

1777.8 

281 

1040.7 

331 

1225.9 

381 

1411.1 

481 

1596.8 

481 

1781.6 

282 

1044.4 

332 

12296 

382 

1414.8 

482 

1600.0 

482 

1785.8 

288 

1048.2 

333 

1233.3 

883 

1418.6 

438 

1608.7 

488 

1788.9 

284 

1051.9 

384 

1237.0 

884 

1422.2 

434 

1607.4 

484 

1792.6 

285 

1055.6 

835 

1240.7 

335 

1425.9 

435 

1611.1 

485 

1796.8 

886 

1059.8 

836 

1244.4 

386 

14296 

436 

1614.8 

486 

1800.0 

287 

1063.0 

337 

1248.2 

387 

1433.8 

437 

1618.5 

487 

1808.7 

288 

1066.7 

338 

1251.9 

388 

1487.0 

438 

1622.2 

488 

1807.4 

289 

1070.4 

839 

1255.6 

889 

1440.7 

439 

1625.9 

189 

1811.1 

290 

1074.1 

840 

1259.8 

890 

1444.4 

440 

1629.6 

490 

1814.8 

201 

lOTr.8 

841 

1263.0 

891 

1448.2 

441 

1638.8 

491 

1818.6 

292 

1081.5 

842 

1266.7 

892 

1451.9 

442 

1637.0 

492 

1822.2 

293 

1085.2 

843 

1270.4 

893 

1456.6 

443 

1640.7 

498 

1825.9 

294 

1088.9 

844 

1274.1 

394 

1459.8 

444 

1644.4 

494 

1829.6 

295 

1092.6 

846 

1277.8 

395 

1468.0 

445 

1648  2 

495 

1838.8 

296 

1096.8 

346 

1281.5 

896 

14B6.7 

446 

1651.9 

496 

1837.0 

297 

1100.0 

847 

1285.2 

397 

1470.4 

447 

1655.6 

497 

1840.7 

296 

1108.7 

348 

1288.9 

896 

1474.1 

448 

1659.8 

498 

1844.4 

299 

1107.4 

349 

1292.6 

899 

1477.8 

449 

1663.0 

499 

1848.2 

800 

1111.1 

850 

1296.8 

400  1  1481.5  j 

450 

1666.7 

500 

1861.9 

d  by  Google 


TABLE  XX.— CUBIC  YARDS  IN  100  FEET  LENGTH.  M 


Area. 

3- 

CuUo 

Area. 

Cubic 

Area. 

Cubic 

Area. 

Cubic 

Area. 

1?; 

Cubic 

Yards. 

Yards. 

Yards. 

Yards. 

Yards. 

501 

1856.6 

561 

2040.7 

601 

2226.9 

651 

2411.1 

701 

2596.8 

SOS 

1859.3 

652 

2044.4 

602 

2229.6 

662 

2414.8 

708 

2600.0 

603 

1868.0 

568 

2048.2 

603 

2238.3 

653 

2418.6 

708 

2608.7 

504 

1866.7 

554 

2061.9 

604 

2237.0 

654 

2422.2 

704 

2607.4 

506 

1870.4 

556 

2066.6 

605 

2240.7 

655 

2426.9 

706 

2611.1 

506 

1874.1 

556 

2059.3 

606 

2244.4 

656 

2429.6 

706 

2614.8 

507 

1877.8 

657 

2063.0 

607 

2248.2 

657 

2433.8 

707 

2618.6 

508 

1881.6 

558 

2066.7 

606 

2251.9 

658 

2437.0 

708 

2622.2 

509 

1885.2 

559 

2070.4 

609 

22^5.6 

669 

2440.7 

709 

2626.9 

610 

1888.9 

560 

2074.1 

610 

2259.8 

660 

2444.4 

710 

2629.6 

511 

1892.6 

661 

2077.8 

611 

2268.0 

661 

2448.2 

711 

2683.8 

512 

1896.8 

562 

2081.5 

612 

2266.7 

662 

2451.9 

712 

2687.0 

513 

1900.0 

563 

2086.2 

618 

2270.4 

663 

2455.6 

718 

2640.7 

614 

1903.7 

564 

2068.9 

614 

2274.1 

664 

2459.8 

714 

2644.4 

515 

1907.4 

666 

2092.6 

615 

2277.8 

665 

2468.0 

715 

2648.2 

516 

1911.1 

566 

2096.3 

616 

2281.5 

666 

2466.7 

716 

2651.9 

51? 

1914.8 

567 

2100.0 

617 

2285.2 

667 

2470.4 

717 

2655.6 

618 

1918.5 

66a. 

2108.7 

618 

2288.9 

668 

2474.1 

718 

2669.8 

519 

1922.2 

669 

2107.4 

619 

2292.6 

669 

2477.8 

719 

2668.0 

520 

1926.9 

670 

2111.1 

620 

2296.8 

670 

2481.5 

720 

2666.7 

521 

1929  6 

671 

2114.8 

621 

2300.0 

671 

2485.2 

721 

2670.4 

522 

1933.3 

672 

2118.5 

622 

2303.7 

672 

2488.9 

722 

2674.1 

528 

1937.0 

573 

2122.2 

623  ;  2307.4  | 

673 

2492  6 

728 

2677.8 

524 

1940.7 

674 

2125.9 

624 

2311.1 

674 

2496.3 

724 

2681.5 

525 

1944.4 

675 

2129.6 

625 

8314.8 

675 

2600.0 

725 

2685.2 

626 

1948.2 

676 

2133.8 

626 

2318.5 

676 

2503.7 

726 

2688.9 

527 

1951.9 

677 

2137.0 

627 

2322.2 

677 

2507.4 

727 

2692.6 

528 

1955.6 

678 

2140.7 

628 

2325.9 

678 

2511.1 

728 

2696.8 

529 

1959.8 

679 

2144.4 

629 

2329.6 

679 

2514.8 

729 

2700.0 

580 

1963.0 

680 

2148  2 

630 

2333.3 

680 

2618.6 

730 

2708.7 

531 

1966.7 

681 

2161.9 

681 

2337.0 

681 

2522.2 

731 

2707.4 

532 

1970.4 

682 

2155.6 

632 

2840.7 

682 

2626.9 

732 

2711.1 

533 

1974.1 

683 

2169.8 

638 

2844.4 

683 

2629.6 

733 

2714.8 

534 

1977.8 

584 

2163.0 

634 

2848.2 

684 

2538.8 

734 

2718.5 

536 

1981.5 

686 

2166.7 

635 

2851.9 

685 

2537.0 

735 

2722.2 

536 

1985.8 

686 

2170.4 

636 

2365.6 

686 

26407 

786 

2725.9 

687 

1988.9 

687 

2174.1 

637 

2359.3 

687 

2544.4 

737 

2729.6 

538 

1992.6 

588 

2177.8 

638 

23680 

688 

2548.2 

738 

2733.8 

589 

1996.8 

689 

2181.5 

639 

2366.7 

689 

2551.9 

789 

2787.0 

540 

2000.0 

500 

2186.2 

640 

2370.4 

690 

2555.6 

740 

2740.7 

641 

2003.7 

691 

2188.9 

641 

2374.1 

691 

2559.3 

741 

2744.4 

542 

2007.4 

,    692 

2192.6 

642 

2377.8 

692 

2568.0 

742 

2748.2 

648 

2011.1 

698 

2196.8 

643 

2381.5 

693 

2566.7 

743 

2751.9 

644 

2014.8 

594 

2200.0 

644 

2885.2 

694 

2570.4 

744 

2755.6 

546 

2018.6 

595 

2203.7 

645 

2388.9 

695 

2574.1 

746 

2759.8 

646 

2022.2 

596 

2207.4 

646 

2392.6 

696 

2577.8 

746 

2768.0 

647 

2025.9 

697 

2211.1 

647 

2396.3 

697 

2581.6 

747 

2766.7 

648 

2029.6 

698 

2214.8 

648 

2400.0 

698 

2.585.2 

748 

2770.4 

649 

2083.8 

699 

2218.5 

649 

2408.7 

699 

2588.9 

749 

2774.1 

650 

2037.0 

600 

2222.2 

650 

2407.4 

700 

2592.6 

750 

2777.8 

d  by  Google 


468  TABLE  XX.— CUBIC  YARDS  IN  100  FEET  LENGTH 


Area. 

Is- 

Ft. 

Cubic 

Area. 

Cubic 

Area. 
Ft. 

Cubic  1 

Area. 
Ft. 

Cubic 

Aroa. 
§9- 

Ft. 

Cubic 

Yards. 

Yards. 

Yards. 

Yards. 

Yards. 

751 

2781.5 

801 

2966.7 

861 

8151.9  ' 

901 

3887.0 

951 

8522.2 

753 

2785.2 

802 

2970.4 

852 

3156.6 

902 

3340.7 

962 

8625.9 

758 

2788.9 

808 

2974.1 

853 

8159. 8 

903 

3844.4 

958 

8629.6 

754 

2792.6 

804 

2977.8 

854 

3168.0 

904 

3848.2 

954 

8588.3 

755 

2796.3 

805 

2961.5 

855 

3166.7 

905 

3851.9 

955 

8587.0 

756 

2800.0 

806 

2965.2 

856 

3170.4 

906 

3855.6 

956 

8640.7 

757 

2803:7 

807 

2988.9 

857 

3174.1 

907 

3859.8 

957 

3544.4 

758 

2807.4 

806 

2992.6 

858 

3177.8 

906 

3868.0 

958 

8548.2 

750 

2811.1 

809 

2996.3 

859 

3181.5 

909 

3366.7 

959 

8551.9 

760 

2814.8 

810 

3000.0 

860     3185.2  ' 

910 

3870.4 

960 

3555.6 

761 

2818.5 

811 

3003  7 

861 

3188.9 

911 

3874.1 

961 

8559.8 

762 

28222 

812 

:W07.4 

662 

3192.6 

912 

3877.8 

962 

3568.0 

763 

2825.9 

813 

3011.1 

868 

3196.8  ; 

918 

3881.5 

968 

8666.7 

764 

2829.6 

814 

3014.8 

864 

3200.0 

914 

3885.2 

964 

%70.4 

765 

28338 

815 

3018.5 

865 

3208.7 

915 

3388.9 

965 

8674.1 

766 

2837.0 

816 

3022.2 

866 

3207.4 

916 

3392.6 

966 

8677.8 

767 

2840.7 

817 

3025.9 

867 

3211.1 

917 

3896.8 

967 

8581.6 

768 

2844.4 

818 

30-29.6 

868 

3214.8 

918 

3400.0 

968 

8586.2 

769 

2848.2 

819 

3033.8 

869 

3218.5 

919 

3408.7 

969 

8588.9 

770 

2851.9 

820 

.3087.0 

870 

3222.2 

920 

3407.4 

970 

8592.6 

771 

2855.6 

821 

3040.7 

871 

3225.9 

921 

3411.1 

971 

8596.8 

772 

2859.3 

822 

3044.4 

872 

3229.6 

922 

3414.8 

972 

8600.0 

773 

2863.0 

823 

3048.2 

873 

3288.8 

928 

3418.5 

973 

8608.7 

774 

2866.7 

824 

3051.9 

874 

3237.0  ' 

924 

3422.2 

974 

8607.4 

775 

2870.4 

825 

3055.6 

875 

3240.7 

925 

3425.9 

975 

8611.1 

776 

2874.1 

826 

3059.8 

876 

3244.4 

926 

3429.6 

976 

8614.8 

777 

2877.8 

827 

3063.0 

877 

3248.2 

927 

3488.8 

977 

8618.5 

778 

2881.5 

828 

3066.7 

878 

3251  9 

928 

3437.0 

978 

8622.2 

779 

2885.2 

829 

3070.4 

879 

3255.6 

929 

3440.7 

979 

8625.9 

780 

2888.9 

830 

3074.1 

880 

3259.8 

980 

3444.4 

960 

8629.6 

781 

2892.6 

831 

3077.8 

881 

3263.0 

931 

3448.2 

981 

8688.8 

782 

2896.3 

832 

3081.5 

882 

3266.7 

932 

3451.9 

982 

8687.0 

783 

2900.0 

833 

3085.2 

888 

3270.4  1 

93:i 

3455.6 

963 

8640.7 

784 

2908.7 

834 

3088.9 

884 

3274.1    ' 

934 

8459.8 

984 

3644.4 

785 

2907.4 

835 

3092.6 

885 

3277.8  1 

935 

3468.0 

965 

8648.2 

786 

2911.1 

836 

3096  8 

886 

3281.5  1 

936 

8166.7 

966 

8651.9 

787 

2914.8 

837 

3100.0 

887 

3285.2 

987 

3470.4 

967 

8655.6 

788 

2918.5 

838 

3108.7 

888 

3288.9  i 

988 

3474.1 

988 

8659.8 

.  789 

2922.2 

839 

3107.4 

889 

3292.6 

939 

3477.8 

qp9 

8668.0 

790 

2925.9 

840 

3111.1 

890 

:«96.8 

940 

3481.5 

990 

8666.7 

791 

2929.6 

841 

3114.8 

891 

3:«0.0 

941 

3485.2 

991 

8670.4 

792 

2933.3 

842 

3118.5 

892 

.3308.7 

942 

3488.9 

992 

8674.1 

793 

2937.0 

848 

3122.2 

893 

3307.4 

943 

3492.6 

998 

8677.8 

794 

2940.7 

844 

3125.9 

894 

3811.1 

944 

8496.8 

994 

8681.5 

795 

2944.4 

845 

3129.6 

,    895 

3814.8  I 

945 

8^.00.0 

995 

8686.2 

790 

2948.2 

846 

31.38.8 

1    896 

3318.5 

946 

3508.7 

996 

8688.9 

797 

2951.9 

847 

3137.0 

897 

3322.2 

947 

3507.4 

997 

3693.6 

798 

'2955.6 

848 

3140.7 

898 

3325.9 

948 

3511.1 

996 

8696.8 

799 

2959.8 

849 

3144.4 

899 

3329.6 

949 

3514.8 

999 

8700.0 

800 

2968.0 

860 

8148.8 

900 

8888.8  1 

950 

3618.5 

1000 

8708.7 

d  by  Google 


XXL— RISE  PER  MILE  OP  VARIOUS  GRADES.     461 

Rise 
cSnt. 

Feet  per 
MileT 

Rise 
Cent. 

Peet  per 
Mile. 

Rise 

per 

Cent. 

Feet  per 

Mile. 

Rise 
Cent. 

Feet  per 

Mile. 

.01 

.528 

.61 

88.208 

1.21 

68.888 

1.81 

05.668 

.02 

1.066 

.62 

82.786 

1.22 

64.416 

1.82 

96.096 

.08 

1.684 

.68 

83  264 

1.28 

64.944 

1.83 

06.624 

.04 

2.112 

.64 

33.792 

1.24 

65.472 

1.84 

97.168 

.05 

2.640 

.66 

34.320 

1.85 

66.000 

1.86 

07.680 

.06 

8.168 

.66 

34.848 

1.26 

66.528 

1.86 

98.208 

.07 

8.696 

.67 

85.876 

1.27 

67.066 

1.87 

96.736 

.06 

4.224 

.68 

85.904 

1.28 

67.684 

1.88 

99.864 

.09 

4.752 

.69 

86.432 

1.29 

68.112 

1.80 

99.798 

.10 

6.280 

.70 

86.960 

1.30 

68.640 

1.90 

100.380 

.11 

5.806 

.71 

87.488 

1.81 

69.168 

1.91 

100.848 

.18 

6.336 

.73 

38.016 

1.32 

69.696 

1.92 

101.876 

.18 

6.864 

.78 

88.544 

1.33 

70.224 

1.98 

101.904 

.14 

7.392 

.74 

39.072 

1.34 

70.752 

1.94 

108.488 

.16 

7. 920 

.75 

80.600 

1.35 

71.280 

1.95 

102.960 

.16 

8.448 

.76 

40.128 

1.36 

71.808 

1.96 

108.488 

.17 

8.976 

.77 

40.656 

1.37 

72.336 

1.97 

104.016 

.18 

9.504 

.78 

41.184 

1.38 

72.864 

1.98 

104.544 

.19 

10.032 

.79 

41.712 

1.89 

73.392 

1.99 

105.078 

.20 

10.560 

.80 

42.240 

1.40 

73.920 

8.00 

105.600 

.21 

11.088 

.81 

42.768 

1.41 

74.448 

8.10 

110.880 

.22 

11.616 

.82 

43.296 

1.42 

74.976 

8.20 

116.160 

.23 

12.144 

.83 

43.824 

1.43 

75.504 

8.30 

181.440 

.24 

12.672 

.84 

44.852 

1.44 

76.032 

8.40 

186.720 

.25 

13.200 

.86 

44.880 

1.45 

76.560 

8.50 

132.000 

.28 

13.728 

.86 

45.408 

1.46 

77.088 

2.60 

137.280 

.27 

14.256 

.87 

45.936 

1.47 

77.616 

2.70 

142.660 

.28 

14.784 

.88 

46.464 

1.48 

78.144 

280 

147.840 

.29 

15.312 

.89 

46.992 

1.49 

78.672 

2.90 

158.120 

.30 

15.840 

.90 

47.520 

1.60 

79.200 

8.00 

168.400 

.81 

16.368 

.91 

48.048 

1.51 

79.728 

8.10 

168.680 

.82 

16.896 

.98 

48.576 

1.58 

80.256 

3.80 

168.960 

.83 

17.424 

.93 

49.104 

1.58 

80.784 

8.30 

174  840 

.84 

17.962 

.94 

49.632 

1.54 

81.318 

8.40 

179  620 

.85 

18.480 

.95 

50.160 

1.65 

81.840 

8.50 

184.800 

.86 

19.008 

.96 

50.688 

1.56 

82.368 

8.60 

190.080 

.87 

19.586 

.97 

51.216 

1.57 

82.896 

8.70 

195.360 

.88 

20.064 

.98 

61.744 

1.58 

83.424 

880 

200.640 

.80 

20.592 

.99 

52.272 

1.59 

83.952 

3.90 

205.920 

.40 

21.120 

1.00 

52.800 

1.60 

84.480 

4.00 

211.200 

.41 

21.648 

1.01 

53.328 

1.61 

86.008 

4.10 

216.480 

.42 

22.176 

1.02 

63.856 

1.62 

85.536 

4.20 

881.760 

.43 

22.704 

1.03 

54.384 

1.63 

86.064 

4.30 

227.040 

.44 

23.282 

1.04. 

54.912 

1.64  • 

86.592 

4.40 

232.320 

.45 

83.760 

1.05 

55.440 

1.66 

87.120 

4.50 

237.600 

.46 

24.288 

1.06 

55.968 

1.66 

87.648 

4.60 

242.880 

.47 

24.816 

1.07 

56.496 

1.67 

88.176 

4.70 

248  160 

.48 

25.344 

1.08 

67.024 

1.68 

88.704 

4.80 

253.440 

.49 

25.872 

1.09 

57.552 

1.69 

89.232 

4.90 

258.720 

.50 

26.400 

1.10 

58.080 

1.70 

89.760 

5.00 

264.000 

.61 

26  928 

1.11 

68.608 

1.71 

90.288 

5.10 

269.280 

.62 

27.456 

1.12 

59.136 

1.72 

90  816 

5.20 

274  560 

.53 

27.984 

1.18 

50.664 

1.73 

91.844 

5.30 

279.840 

.54 

28.512 

1.14 

60.192 

1.74 

91.872 

5.40 

285.120 

.65 

29.040 

1.15 

60  720 

1.76 

92.400 

5.50 

290.400 

.56 

29.568 

1.16 

61.248 

1.76 

92.928 

5.60 

295.680 

.57 

30.096 

1.17 

61.776 

1.77 

93.456 

5.70 

300.960 

*56 

80.624 

1.18 

62  304 

1.78 

93.984 

5  80 

306.240 

.69 

81  152 

1.19 

62.832 

1.79 

94.512 

5.90 

»  311.520 

JtO 

81.680 

1.20 

63.860 

l.SO 

95.040 

6.00 

816.800 

470      TABLE  XXII.— SLOPES  FOR  TOPOGRAPHT. 


II 

it 

2S 

3S^ 

1 

ertical  Rise 
in  100 
Horizontal. 

S^ 

^g^ 

^1 

11 

M 

Tip 

15w 

11 

111 

liw 

P- 

■^ 

> 

w 

<1 

> 

m 

< 

> 

K 

()•  SO' 

.58 

1718.9 

7«»20' 

12.87 

77.7 

16' 

28.67 

84.9 

40 

M6 

869.4 

40 

18.46 

74.8 

17 

80.57 

82.7 

1 

1.75 

572.9 

8 

14.05 

71.2 

18 

82.49 

80.8 

80 

2.33 

429.6 

20 

14.65 

68.8 

19 

MAS 

29.0 

40 

2.91 

848.7 

40 

16.24 

66.6 

80 

86.40 

27.6 

2 

8.49 

286.4 

9 

15.84 

68.1 

21 

38.39 

26.1 

80 

4.08 

245.4 

20 

16.44 

60.8 

22 

40.40 

24.8 

40 

4.66 

214.7 

40 

17.08 

58.7 

88 

42.45 

23.6 

8 

6.24 

190.8 

10 

17.68 

66.7 

24 

44.52 

22.5 

80 

5.82 

171.7 

20 

18.28 

54.8 

25 

46.63 

21.4 

10 

6.41 

156.0 

40 

18.84 

68.1 

26 

48.77 

20.5 

4 

6.99 

143.0 

11 

19.44 

61.4 

27 

60.96 

19.6 

20 

7.58 

182.0 

80 

20.85 

49.2 

28 

68.17 

18.8 

40 

8.16 

122.5 

12 

21.26 

47.0 

29 

65.43 

18.C 

5 

8.76 

114.8 

80 

22.17 

45.1 

80 

67.74 

17.8 

20 

9.34 

107.1 

18 

23.09 

43.8 

85 

70.02 

14.3 

40 

9.92 

100.8 

30 

24.01 

41.7 

40 

88.91 

11.9 

6 

10.51 

95.1 

14 

24.93 

40.1 

45 

100.00 

10.0 

20 

11.10 

90.1 

80 

25.86 

88.7 

50 

119.18 

8.4 

40 

11.69 

85.6 

15 

26.79 

87.3 

65 

148.81 

7.0 

7 

12.28 

81.4 

80 

27.78 

86.1 

60 

178  21 

6.8 

TABLE 

XXIII.- 

-MATERIAL  REQUIRED  FOR  ONE  MILE  OF  TRACK. 

RAIL  WBIGHT8. 

RAILROAD  SPIKES.                          j 

P 

II 

1^ 

1^ 

m 
< 

Required  for 
Ties  2  ft.  Apart. 

For  Rails 
Weighing 

12 

21.18 

18.857 

6  Xft 

860 

6870 

29.8 

45  to  70  lbs. 

16 

88.16 

25.143 

400 

5280 

26.4 

40  "  56    ** 

20 

85.20 

81.429 

5  X  i 

450 

4690 

28.5 

35  "  40    ♦» 

26 

44.00 

39  386 

4iX  i 

530 

8980 

19.9 

28  *•  35    " 

80 

52.80 

47.143 

4  X  i 

600 

3520 

17.6 

24  "  35    " 

85 

61.60 

65.000 

4*XA 

680 

8110 

15.6 

20  •'  80    " 

40 

70.40 

62.857 

4  X$ 

720 

2930 

14.7 

20  ♦»  80    " 

45 

79.20 

70.714 

8iXA 

900 

2350 

11.7 

16  "  25    " 

66 

98.56 

88.000 

4  X  t 

1000 

2110 

10.6 

16  ^'  26    " 

60 

105.60 

94.286 

S4X  t 

1190 

mo 

8.9 

16  "  20    " 

70 

123.20 

110.000 

8  X  t 

1240 

1700 

8.5 

16  "  20    »• 

80 

140  80 

125.714 

2tX  1 

1342 

1570 

7.9 

18  "  16    " 

NUJ 

iIBBR  OF  SPLICE-JOINTS. 

NUMBER 

OF  CROSS-TIES. 

Tw< 

)  Bars  with  Four  Bolts  and 
Nuts  to  Each  Joint. 

Distance  a,pt 

trt,  c.  to  c,  in  Feet. 

Length  of  RaU  in  Feet. 

1.5 

1.75 

8.0 

8.85 

8.50 

20 

84 

26 

28 

80 

8520 

8017 

8640 

2347 

2112 

528 

440 

406 

877 

m 

TABLE  XXIV. 
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CONVERSION  OF  ENGLISH  INCHES  INTO  CENTIMETBEfi 

. 

Ins. 

0 

1 

2 

8 

4 

5 

6 

7 

8 

9 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

0 

0.000 

2.540 

6.080 

7.620 

10.16 

12.70 

15.24 

17.78 

20.82 

22.86 

10 

25.40 

27.»4 

80.48 

88.02 

85.56 

88.10 

40.64 

48.16 

45.72 

48.26 

90 

50.80 

58.34 

65.88 

58.42 

60.96 

68.60 

66.04 

68.58 

71.12 

78.66 

80 

76.80 

78.74 

81.28 

88.82 

86  3fl 

88.90 

91.44 

98.98 

96.52 

99.06 

40 

101.60 

104.14    106.68 

109.22 

111.76 

114.80 

116.84 

119.88 

121.92 

124.46 

50 

127.00 

129.54   132.08 

184.62 

187.16 

189.70 

142.24 

144.78 

147.82 

149.86 

60 

152.40 

154.94 

157.48 

160.02 

162.56 

165.10 

167.64 

170.18 

172.72 

175.26 

70 

177.80 

180.34 

182.88 

186.42 

187.96 

190.50 

198.04 

195.58 

198.12 

200.96 

80 

203.20 

205.74 

206.28 

210.82 

218.36 

215.90 

218.44 

2SS0M 

228.62 

226.(6 

00 

228.60 

281.14 

288.68 

286.22 

238.76 

241.80 

248.84 

246.88 

248.92 

251.46 

100 

254.00 

266.54 

259.06 

261.62 

264.16 

266.70 

269  24 

271.78 

274.82 

276.W 

CONVERSION  OP  CENTIMETRES  INTO  ENGLISH  INCHES. 


Cm. 

0 

1 

2 

8 

4 

5 

6 

7 

8 

0 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

0 

0.000 

0.894 

0.787 

1.181 

1.575 

1.969   2.862i  2.756 

8.150 

8.548 

10 

8.987 

4.881 

4.742     5.118 

5.512 

5.906   6.2901  6.698 

7.087 

7.480 

80 

7.874 

8.268 

8.662;    9.055 

9.44S 

9.84810.23610.680 

11.024 

11.418 

80 

11.811 

12.205 

12.599   12.992 

13.886 

18.780  14.173  14.567 

14.961 

15.855 

40 

15.748 

16.142 

16.686   16.929 

17.828 

17.717 

18.11118.504 

18.898 

19.292 

60 

19.685 

20.079 

20.478,  20.867 

21.260 

21.654 

22.048  22.441 

22.835 

28.229 

00 

23.622 

24.016 

24.410   24.804 

25.197 

25.591 

25.965  26.878 

26.772 

27.166 

70 

27.560 

27.958 

28.347.  28.741 

29.134 

29.528 

29.922,80.816 

30.709 

81.108 

80 

81.497 

81.800 

82.284   32.678 

88.071 

38.465 

83.859  84.258 

84.646 

85.040 

90 

85.434 

85.827 

86.221    36.615 

87.009 

87.402 

87.796,88.190 

38.683 

88.977 

100 

89.8701  89.764 

40.1581  40.652 

40.945 

41.839 

41. 78342. 126 

42.520 

42.914 

CONVERSION  OF  ENGLISH  FEET  INTO  METRES. 

Feet 

0 

1 

8 

8 

4 

5 

6 

7 

8 

0 

Met. 

Met. 

Met. 

Met. 

Met. 

Met. 

Met. 

Met. 

Met. 

Met. 

0 

0.000 

0.8048 

0.6096 

0.9144 

1.2192 

1.5289 

1.8287 

2.1835 

2.4388 

2.7481 

10 

8.0479 

3.8527 

8.6675 

8.9623 

4.2671 

4.5719 

4.8767 

6.1815 

5.4863 

6.7911 

90 

6.0959 

6.4006 

6.7055 

7.0102 

7.8150 

7.6198 

7.9246 

8.2294 

8.5342 

8.8390 

80 

9.1488 

9.4486 

9.7584 

10.058 

10.368 

10.668 

10.972 

11.277 

11.582 

11.887 

40 

12.192 

12.496 

12.801 

13.106 

13.411 

18.716 

14.020 

14.325 

14.630 

14.935 

50 

15.239 

15.544 

15.849 

16.154 

16.459 

16.763 

17.068 

17.373 

17.678 

17.983 

60 

18.287 

18.592 

18.897 

19  202 

19.507 

19.811 

20.116 

20.421 

20.726 

21.031 

70 

21.885 

21.640 

21.945 

22.250 

22.555 

22.859 

23.164123.469 

28.774 

24.079 

80 

24.383 

24.688 

24.993 

25.298 

25.602 

25.907 

26.212,26.517 

26.822 

27.126 

90 

27.481 

27.736 

28.041 

28.346 

28.651 

28.955 

29.260,29.565 

29.870 

30.174 

100 

80.479 

80.784 

81.089 

31.394 

81.698 

82.008 

82.808  82.618 

32.918 

33.222 

CONVERSION  OF  BIETRES  INTO  ENGLISH  FEET. 


Met. 

0 

1 

8 

8 

4 

5 

6 

7 

8 

9 

Feet. 

Feet. 

Feet.  1  Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

0 

0.000 

8.2809 

6.5618'  9.8427 

18.128 

16.404 

19.685 

22.966 

26.247 

29.528 

10 

82.809 

86.090 

89.3711  42.651 

45.932 

49.213 

52.494 

55.775 

59  056 

62.337 

80 

65.618 

68.899 

72.179   75.461 

78.741 

82.022 

85.803 

88.584 

91.865 

95.146 

80 

98.427 

101.71 

104.99    108.27 

111  55 

114.83 

118.11 

121.89 

124.67 

127.96 

40 

131.24 

184.62 

187.80   141.08 

144.36 

147.64 

150.92 

154.20 

157.48 

160.76 

60 

164.04 

167.88 

170  61 i  178.89 

177.17 

180.45 

183.73 

187.01 

190.29 

198.57 

60 

196.85 

200.18 

208.42   206.70 

209.98 

218.26 

216.54 

219.82 

223.10 

226.38 

70 

229.66 

282.94 

236.22   230.51 

242.79 

246.07 

249.85 

252.68 

255.91 

259.19 

80 

262.47 

266.76 

269.08'  278.31 

275.60 

278.88 

282.16 

285.44 

288.72 

292.00 

90 

895.28 

298.66 

801.841  806.12 

808.40 

811.69 

814.97 

818.25 

321.68 

384.81 

100 

888.09 

881.87 

884.66 

887.98 

841.21 

844.49 

847.78 

851.06 

^.84 

^7.68 

472 


TABLE  XXV. 


CONVERSION  OF  ENGLISH  STATUTE-MILES  INTO  KILOMETRES. 


Bfiles. 


2 


8 


0 

10 

ao 

30 
40 
50 
60 
70 
80 
90 
100 


Kilo. 
0.0000 
16.008 
33.186 
48.279 
64.372 
80.465 
96  558- 
112.651 
128.74 
144.86 
160.96 


Kilo.  Kilo. 
1.6093  8.2186 
17.70219.812 
88.795  85.405 
49.888  51.498 
65.98i;67.501 
82.074;88.684 
98.167,99  777 
114.26115.87 
130.35181.96 
146.44148.05 
163.581164  14 


Kilo. 

4.8279 

20.921 

87.014 

53.107 

69.200 

85.298 

101. 

117.48 

138.57 

149.66 

165  75 


Kilo. 
6.4;i72 
22.530 


54.716 
70.809 
86.902 
102.99 
119.08 
136.17 
151.26 
167.35 


Kilo. 

8.0465 

24.139 

40.282 

56.825 

72.418 

88.511 

104.60 

120.69 

136.78 

152.87 

168.96 


KUo. 

9.6558 

25.749 

41.842 

57.935 

74.028 

90.121 

106.21 

122.80 

188.39 

154.48 

170.57 


KUo. 

11.2662 
27.358 
48.451 
59.544 
75.637 
91  780 
107.88 
128.91 
140.00 
156.09 
172 


181 


Kilo. 
12.8746 
28.967 
45.060 
61.158 
77.246 
93.339 
109.43 
125.52 
141.61 
157  70 
178. 


79| 


Kilo. 
14.4848 
30.577 
46.670 
62.763 
78.856 
94.949 
111.04 
127.13 
148.22 
150.31 
175.40 


CONVERSION  OF  KILOMETRES  INTO  ENGLISH  STATUTE-MILES. 


Kilom. 

0 

1 

2 

8 

4 

5 

6 

7 

8 

Miles. 

Miles. 

Miles. 

Miles. 

Maes. 

Miles. 

Miles. 

Miles. 

Miles. 

0 

0.0000 

0.6214 

1  2427 

1.8641 

2.4855 

3.1069 

8.7282 

4.8497 

4.9711 

10 

6.2188 

6.8352 

7.4565 

8.0780 

8.6994 

9.8208 

9.9421 

10.562 

11.185 

SO 

12.427 

13.049 

13670 

14.292 

14.913 

15.584 

16.156 

16.776 

17.399 

80 

18.641 

19.263 

19.884 

20.506 

21.127 

21.748 

28  870 

22.990 

23.618 

40 

24.855 

25.477 

26.098 

26.720 

27.841 

27.962 

28.584 

29.204 

29.827 

60 

31.069 

31.690 

32.311 

32.033 

38.554 

34.175 

34.797 

85.417 

36.040 

60 

37.282 

37.904 

38.526 

39.147 

39.768 

40.389 

41.011 

41.631 

42.254 

70 

43.497 

44.118 

44.739 

45.361 

45.082 

46.603 

47.225 

47.845 

48.468 

80 

49.711 

50.332 

50.953 

51.575 

52.196 

52.817 

63.439 

54.059 

54.682 

90 

55.924 

56.546 

57.166 

57.788 

58.409 

59.030 

59.652 

60.272 

60.895 

100 

62.138 

62.759 

63.380 

64.002 

64.623 

65.244 

65.866 

66.486 

67.109 

Miles. 
5.5924 
11.805 
18.019 
94.288 
80.447 
36  660 
48.874 
49.068 
55.309 
61.515 
67.729 


TABLE  XXVL 
LENGTH  IN  FEET  OF  V  ARCS  OF  LATITUDE  AND  LONGITUDE. 


Lac. 

I'Lat. 

r  Long. 

Lat. 

VLat. 

I'Long. 

1« 

6045 

6085 

31*^ 

6061 

5229 

2o 

6045 

6088 

32° 

6062 

5166 

SO 

6045 

6078 

33° 

6063 

5109 

i* 

6045 

6071 

84° 

6064 

5051 

5« 

6045 

6068 

35° 

6065 

4991 

6» 

6045 

6053 

86° 

6066 

4980 

7* 

6046 

6041 

37° 

6067 

4867 

8*' 

6046 

6027 

88° 

6068 

4808 

9- 

6046 

6012 

89° 

6070 

4786 

10» 

6047 

6994 

40° 

6071 

4660 

11* 

6047 

5975 

41° 

6072 

4600 

129 

6048 

5954 

42° 

6078 

4580 

18*» 

6048 

5931 

43° 

6074 

4458 

14' 

6049 

6907 

44° 

6075 

4385 

15° 

6049 

5880 

45° 

6076 

4311 

16» 

6050 

6852 

46° 

6077 

4285 

170 

6060 

5822 

47° 

6078 

4158 

I80 

6051 

5790 

48° 

6079 

4080 

190 

6052 

6757 

49° 

6080 

4001 

20<» 

6052 

6721 

60° 

6081 

8920 

21° 

6058 

6684 

61° 

6082 

8838 

22« 

6C64 

6646 

68» 

6084 

8786 

28° 

6054 

5606 

68° 

6085 

8671 

«4» 

6055 

6563 

64° 

6086 

8686 

86° 

6056 

6519 

55° 

6087 

8499 

86° 

6057 

5474 

56« 

6068 

8418 

97° 

6058 

6427 

67° 

6089 

8828 

98* 

6059 

5878 

68° 

6090 

8238 

99° 

6060 

5827 

69° 

6091 

8149 

30° 

6061 

6275 

60* 

6099 

8061 

TBIQONOMBTRIC  FOBMULAS. 
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TABLE  XXVII.— TRIGONOMETRIC  AND  MISCELLANEOUS 
FORMULAS. 


TRIGONOMETRIC  FORMULAS. 


In  Fig  99,  let  DCE  be  the  arc  of  a  quadrant,  ABC  a  right 
triangle,  the  angle  BAC  subtended  by  the  arc  CE^^A,  and 
consider  the  radius  -4  C  =«  unity.     Then 


BC  =8in^. 
AB  =  COB  A. 
HE  =^  tan  A, 
BF  =cotA, 
AH  =  sec  A, 


AF=^  coseCyl. 
BE  =  \eTBmA, 
BI  =  coversin-4, 
CH=e7[aecA. 
CF  =  coexaecA. 


[   Using  the  small  letters  a,  ft,  c,  to  represent  the  sides  of  a 
right  triangle  in  Fig.  98  or  99,  we  may  write 

WD.A  =  fi  coseo^=-;  .*.  sin-4  = -. 

b  a  cosec^ 


cos-4  =  f;      BecA=-; 
0  c 


COB  A  =5- 


taii-4  =  25      co%A  =  ^;  .-.  tan^  = 
c  a 


sec^ 

1 
'cot-4* 


Digitized  by 


Google 
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SOLUTION  OF  TRIANGLES. 


TABLE  XXVII.—TRIGONOMETRIC  AND  MISCELLANEOUS 
FORMULAS. 

SOLUTION  OF  RIGHT  TRIANGLES. 


Required. 

Given. 

A,C,c 

a,  6 

A,  C,b 

a,  c 

C,h,c 

Ay  a 

C,a,c 

A,b 

C,a,6 

A,  c 

Fonnulas. 


BiaA  =  coaC  =  ^;    c  =  >/(6  +  a) (ft  —  a) 
6 


tan^  =  c6tB  =  ^;    b  =  ^a^'\-cK 
c 

C=^dO^  —  A;  c  =  acotA;  b^=acoeecA. 

C  =  90®  — -4;  a  =  b8mA;  c  =  6co8in-4. 

C7  =  90®  — -4.;  a^ctaixA;  b;=caecA. 


Required, 
ft 

B 

H^  +  B) 
HA-B) 

A 
B 


Area 
Area 

Area 


SOLUTION  OF  OBLIQUE  TRIANGLES. 

Formulas. 


Given. 
Ay  By  a 

Ay  a,  ft 
a,  ft,  C 


a,  by  c 


Ay     by     C 
Ay     By    C 


6  = 


asinB 


sin  5  = 


sin^ 

ft  sin  ^ 


i(^4-5)  =  i(180-C) 

tani(^  -  B)  =  5L=_^ tani(^  +  E) 
a  +  b 

A=:i{A-hB)-i-\{A-B) 

B:=i{A  +  B)''i{A-  B) 


If  s=i{a-hb+c)y  siniA=^<^     ^H^-   ^ 

fs^E3y 
\      bo 


cosi-4 


\      8(8  — a) 


be 
Area  =  -/s  (s  —  a)  (s  —  ft)  («  —  c) 
Area  =  i  6c  sin  ^4 

Area-^'^*"^^^"^ 


2sia(A+B) 


d  by  Google 
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TABLE  XXVII.— TRIGONOMETRIC  AND  MISCELLANEOUS 
FORMULAS. 

GENERAL  FORMULAS. 


coaeoA 

cos^  =  — i—  =  ^l—  sin^^  =  cot  A  sin  A 
secul 

cos^  ==  1  -  2  sinH^  =  1  -  vers-^. 

cos^  =  '^i  +  icos2^  =  cosH^  -sin^^A 

COSul 


.      ^/1— GOflgJ.         sin2^ 

^^^"="—^3^3 l  +  C0B2il 

1       _1  — C082^        • 

^^^     ~"cot-4         8in2-4. 

cot^^ 1     ==^=^C08ec«^-i: 

tan^      sin^ 

.  J  8in2^     _14-co82^ 

cot^-^_^^2^  8ill2^ 

gec^  =  — i—  =  the  reciprocal  of  any  expression  for  cos-A. 
cos -4 

cosec^  ==    ^     =  the  reciprocal  of  any  expression  for  sin  A 
sin^ 

vers^  =  1  -  cos^  ==2  sin^i  A 

.  .      -      vers-^ 


476  GBKERAL  FORMULAS. 

TABLE  XXVII.~TRIGONOMBTRIC  AND  MISCELLANEOUS 
FORMULAS. 


Vl  +  coak 


XahA         1  —  co6^         sin^ 


cot^A  = 


1  +  sec-4  sin-4  1  +  cos^ 

1  +  cos -4  sin -4 


8in-4  1  —  cobA 

sin  2  ^  =  2  sin  ^  cos  ^. 
cos  2  ^  =  cos^  A  —  sin^  -4=2  cos?  -4  —  1. 

2tan^ 


tan2^s= 


1-tanM 


cot2^=£2t?A=i. 
2cot^ 

sin  (-4  ±  ^  =  sin -4  cos  B  ±  cos  ^  sin  A 

cos(^  ±  ^  =  cos^  cosB  7  sin^  sin  A 

tan(^±5)  =  i^BA±ianB; 
l:ftan-4tanB 

sin.4  +  8inJ5  =  28ini(^  +  B)  cosi(-4  —  J3). 

sin^  —  8in5  =  2co8i(-4  +  B)  8ini{A  —  B), 

cosA  +  cosB=2co8i(^  +  B)cosi(^  —  5). 

cosj5  — cos4  =  28ini(-4  +  B)8\n^{A  —  B). 

Bin^A  —  8in2j5  =  cos2j5  —  cos24  =sin(.4  +  B)ciD^iA  '-  B). 

cos2^  —  sin^B  s=a  cos(4  +  B)  cos<-4  —  B>, 

tan4±tanB  =  5lliM±J). 
cos -4  cos  B 

cotA±cctB^±4^^'^* 
^laA  amB 

Digitized  by  VjOOQ  IC 
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477. 


TABLE  XXVII— TRIGONOMETRIC  AND  MISCELLANEOUS 
FORMULAS. 

MISCELLANEOUS  FORMULAS. 


Required. 
Area  of 
Trapezoid 

Regular  Polygon 

Circle 

Ellipse 

Parabola 

Surface  of 
Cone 

Cylinder 
Sphere 

Zone 

Volume  of 
Prism  or  cylinder 

Pyramid  or  cone 

Frustum  of 
Pyramid  or  cone 


Sphere 


Given. 

Parallel  sides  =  m  and  n 
Perp.  dist.  bet.  them  ==jp 
Length  of  side  =  I 
Number  of  sides  =  n 
Radius  =  r 
Semi-axes  =  a  and  h 
Base  =  6,  height  ==  h 

Radius  of  base  =  r 

Slant  height  =  8 

Radius  =  r,  height  =  A 

Radius  =  r 

Height  =  ^ 

Radius  of  its  sphere  =«  r 

Area  of  baise  =  6 
Height  =  A 
Area  of  base  =  b 
Height  =  h 

Area  of  bases  =  b  and  6' 
Height  =  ;i 
'  Radius  =  r 


FormnlM. 

f  ('"  +  «) 

4  n 

nr^  [;r=3.1416Ji, 
Ttab 
ibh. 


Ttrs 
2itrh 

27trh 


bh 
3 
3^ 


iTtr^ 


d  by  Google 


478       TABLE  XXVin. — SqUABB  AND  OUBB  BOOTS. 


Sq 

oare  I 

lMlt« 

MfttS 

Of  Hai 

■iben 

il!r» 

m.l  toM. 

Noemva 

Ko. 

ftqiUT*. 

Oab& 

»q.  at. 

O.  Et 

Ho. 

&Q.at. 

a  at. 

No, 

8q.Bt. 

cat. 

.1 

M 

.001 

.816 

.464 

.7 

3.387 

1.786 

.4 

8.661 

8.871 

.15 

.fym 

.0034 

.387 

.631 

.8 

8.408 

1.797 

.6 

8.688 

8.387 

.2 

M 

.008 

.447 

.586 

.9 

8.429 

1.807 

.8 

8.715 

8.899 

.35 

jom 

.0156 

.600 

.680 

6. 

3.449 

1.817 

14. 

8,7*2 

3.410 

.8 

M 

.027 

.548 

.689 

.1 

3.470 

1.827 

.3 

^.T«8 

3.433 

.85 

,1235 

.0489 

jm 

.705 

.8 

3.490 

1.837 

.4 

?,T» 

3.488 

.4 

.1> 

.064 

.688 

.787 

U) 

3.510 

1.847 

.6 

3,!^l 

s.4a 

.46 

.Kiie 

.0911 

.671 

.766 

.4 

3.580 

1.857 

.8 

iMt 

8.456 

.1 

.25 

.125 

.707 

.794 

.5 

3.550 

1.866 

15. 

3.OTJ 

3.466 

.65 

JXR& 

.1064 

.743 

.819 

.6 

3.509 

1.876 

.3 

3.8W 

3.477 

.6 

m 

.216 

.ns 

.843 

.7 

3.588 

1.885 

.4 

s.^a* 

3.488 

M 

.<23S 

.2746 

.806 

.866 

.8 

3.608 

1.895 

.6 

3.!M0 

8.499 

.7 

.49 

.848 

837 

.888 

.9 

2.627 

1.904 

.8 

S.^5 

3.509 

.75 

.6«2& 

.4219 

.fWW 

.909 

7. 

3.646 

1.918 

16. 

4. 

8.530 

.8 

.« 

.513 

3»4 

.9W 

.1 

3.665 

1.922 

.8 

4.1135 

1.580 

8f 

.Tzaft 

.6141 

,t2S 

Mil 

.3 

3.688 

1.981 

.4 

\iy^ 

9.541 

» 

.(51 

.729 

,91B 

.Wfi 

.8 

3.708 

1.940 

.6 

4.1171 

3.561 

M 

MSA 

.8574 

,BTS 

:bm 

.4 

3.730 

1.949 

.8 

4.0W 

SJ61 

1. 

l.fMM 

1.000 

1, 000 

1. 000 

.5 

3.739 

1.957 

17. 

4.12S 

9.571 

.05 

l.ioa 

1.158 

I.OIM 

l.OIB 

.6 

3.757 

1.966 

.8 

4.14^ 

lUWl 

»4 

2.aL0 

1.381 

1,^9 

l.flsa 

.7 

3.775 

1.975 

.4 

4.m 

8.591 

.15 

l.sa 

1.531 

LOTS 

LOiS 

.8 

3.793 

1.983 

.6 

4.195 

3.601 

».2 

l.UO 

1.728 

1,095 

].OS.i 

.9 

3.811 

1.992 

.8 

4.m 

8.611 

.25 

LBflS 

1.958 

i.n« 

1.017 

8. 

8.828 

8.000 

18. 

i.243 

9.631 

1.8 

1.B90 

2.197 

Itl* 

I.OSI 

.1 

2.846 

8.008 

.8 

4,1984 

8.680 

.85 

1.E33 

2.480 

1,10^ 

1.105 

.3 

2.864 

8.017 

.4 

4.  mi 

8.640 

1.4 

l.«6Q 

3.744 

I. IMS 

IIIU 

.8 

2.881 

3.025 

.6 

4.313 

8.660 

.45 

3.103 

8.049 

l.?i»4 

1.ia:t 

.4 

3.898 

8.033 

.8 

4.3i»a 

8.680 

1.5 

3,150 

8.875 

l.TA 

LNa 

.5 

2.916 

3.041 

19. 

i.3S9 

8.668 

.56 

3:WJ 

8.724 

1/JlS 

LIST 

.6 

S.9SS 

3.049 

.8 

4.3«3 

8.618 

JA 

L.'WO 

4.096 

l.S«4 

1   170 

.7 

8.950 

3.057 

.4 

4.405 

8.687 

M 

3,r£i 

4.492 

1.2HS 

^AWi 

.8 

3.966 

3.065 

.6 

4.437 

8.696 

J  7 

a.^so 

4.918 

1,J14 

L1B8 

.9 

2.988 

3.072 

.8 

4.450 

8.706 

.76 

i.noit 

5.359 

l.33» 

LSKS 

9. 

8. 

3.060 

30. 

4.473 

3.714 

1.8 

8.340 

6.832 

lan 

\.31« 

.1 

8.017 

3.068 

.3 

4.484 

3.73S 

.85 

8.#a 

6.332 

IMO 

L2ffl 

.3 

8.033 

3.095 

.4 

4.517 

3.788 

1.9 

8,010 

6.859 

Lfltft 

L£t9 

.8 

8.050 

3.108 

.6 

4.539 

8.T41 

-•* 

a.gra 

7.415 

LAM 

L34fl 

.4 

8.006 

8.110 

.8 

4.561 

3.760 

ft* 

4.(M0 

8.000 

LiL4 

l.MO 

.5 

3.082 

3.118 

81. 

4.5A8 

8.780 

.1 

4.U0 

9.361 

l.t4l» 

LISI 

.6 

8.096 

3.135 

.8 

4.4104 

3.768 

.« 

4.N0 

10.65 

l.iHI 

L34il 

.7 

8.114 

3.133 

.4 

4. AM 

8.77« 

JB 

5.290 

13.17 

1.&I7 

Ljyo 

.8 

8.130 

3.140 

.6 

4.lHa 

8.785 

.4 

G.7M 

18.83 

].MI» 

L,%49 

.9 

8.146 

8.147 

.8 

4.A» 

iSS 

.6 

•.V50 

15.68 

l.SBl 

L55T 

10. 

8.162 

3.154 

33. 

4.090 

.6 

8-760 

17.58 

LfilT 

1..176 

.1 

8.178 

3.162 

.3 

4.713 

8.810 

.7 

T.JIflO 

19.68 

l,4Mfl 

L3W 

.3 

8.194 

8.169 

.4 

4.7Si 

8.810 

.8 

1,S40 

21.95 

1  AT'A 

iim 

.8 

8.209 

2.176 

.6 

4.T&4 

1.83T 

J» 

3.410 

34.89 

1.7011 

Li3« 

.4 

8.225 

2.183 

.8 

4.TTS 

aj8t 

t. 

9. 

37. 

LT33 

Lia 

.5 

8.240 

3.190 

88. 

4.TIM 

tMk 

.1 

9.81 

39.79 

l,TBt 

LiW 

.6 

8.256 

2.197 

.3 

4.E!IT 

8.858 

.2 

10.24 

82.77 

LTM3 

lAli 

.7 

8.271 

2.204 

.4 

4.Si7 

8.860 

.8 

10.89 

85.94 

riilT 

i.m 

.8 

8.286 

2.210 

.6 

4.^^ 

8.868 

.4 

11.58 

89.80 

l.ui 

l.QO* 

.9 

8.302 

2.217 

.8 

4.HrT9 

8.876 

.5 

12.25 

42.88 

1,^71 

151ft 

11. 

8.317 

2.224 

34. 

4.f9» 

8.884 

.6 

12.98 

46.66 

1J«T 

LS33 

.1 

8.332 

2.231 

.3 

4.V19 

8.898 

.7 

18.89 

50.65 

\mi 

Lsr 

.3 

8.847 

2.237 

.4 

4.fr*0 

8.90O 

.8 

14.44 

54.87 

1,1149 

L&tO 

.8 

8.362 

2.244 

.6 

4.a«o 

3.908 

.9 

15.21 

59.82 

JHW 

L674 

.4 

8.376 

2.261 

.8 

4990 

8.916 

c 

16. 

64. 

X, 

\.m 

.5 

8.891 

2.257 

35. 

A, 

3.934 

.1 

16.81 

68.98 

^Mlh 

\m\ 

.6 

8.406 

2.364 

.3 

bim 

8.938 

.3 

17.64 

74.09 

I.ilUS} 

leii 

.7 

8.421 

2.270 

.4 

&.ii*fl 

8.940 

.8 

18.49 

79.51 

i.ini 

Lft» 

.8 

8.435 

2.277 

.6 

.V!r»ki 

8.947 

.4 

19.36 

86.18 

\.<im 

LrtSB 

.9 

8.450 

2.283 

.8 

5.070 

8.866 

.5 

30.25 

91.18 

•i.\'i\ 

\.m 

12. 

8.464 

2289 

36. 

SOW 

3.868 

.6 

21.16 

97.84 

V.U6 

1t»3 

.1 

8.479 

2.296 

.8 

5.1  IB 

8.970 

.7 

22.09 

103.8 

i.169 

]  4i15 

.3 

8.493 

2.302 

.4 

5.llHi 

8.970 

A 

28.04 

110.6 

S.lTJl 

1  4^7 

.8 

8.507 

2.306 

.6 

5.1W4 

S.98& 

J 

34.01 

117.6 

3.314 

1«H 

.4 

8.521 

3.315 

.8 

5-177 

8.888 

l>» 

35. 

35. 

l.i:W 

I.TIO 

.5 

8.536 

8.321 

27. 

5.1M 

8.00O 

.1 

36.01 

32.7 

i.sa 

l.T^l 

.6 

8.550 

2.327 

.8 

fi.lLS 

8.00T 

.2 

27.04 

140.6 

3/iflO 

I  -SB 

.7 

8.564 

2.383 

.4 

&.li'i5 

8.0U 

Jt 

38.09 

148.9 

3.Wa 

L7U 

.8 

8.578 

2.339 

.6 

6.264 

8.081 

^ 

39.16 

157.6 

B.[l» 

.7i4 

.9 

8.592 

2.345 

.8 

6.878 

8.030 

A 

80J5 

166.4 

3.U5 

i.ru 

18. 

8.606 

2..151 

88. 

6.899 

•.QiT 

Jt 

sue 

111.6 

SJkM 

LfT* 

J 

6.686 

1J68 

.1 

MIO 

%jm 

d  by  Google 
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TABUS  of  Squares,  €abe««  Sqnare  Bootii,  a 
of  JTambers  from  1  to  lOOO. 


and  Gnbe 


KmABx ovnn  vouownw Tablb.    Wbertrar  ttaeeffBotofaflfthdecliiwlin  lh«rool»wo«ldb0M 
•dd  1  to  tte  fourth  and  final  dedmal  In  tbe  table,  the  addition  has  been  made.  Ko  erron. 


Wo. 

BQ1lttV6. 

Cube. 

8q.Bt. 

aBt 

Na 

B<ICUff6. 

Ottbe. 

Bq.Bt 

CBt. 

1 

1 

1 

1.0000 

1.0000 

61 

8721 

338981 

7.8103 

8.9366 

s 

4 

8 

1.4143 

1.3588 

63 

f844 

338838 

7.8740 

8.9570 

8 

f 

87 

1.7321 

1.4433 

68 

8960 

250047 

7.9378 

8.9701 

4 

16 

64 

■8.0000 

1.5874 

64 

4096 

362144 

8.0000 

4. 

6 

85 

125 

8.8861 

1.7100 

65 

4285 

n4625 

8.0628 

4.0307 

6 

SO 

816 

8.4485 

1.8171 

66 

4366 

887496 

8.1340 

4.0413 

f 

49 

848 

8.6458 

1.9139 

67 

4480 

800768 

8.1864 

4.0615 

8 

84 

518 

8.8384 

3.0000 

68 

4634 

814433 

8.8463 

4.0817 

• 

81 

729 

S.00OO 

3.0801 

60 

4761 

828509 

8.3066 

4.1016 

%» 

100 

1000 

8.162S 

3.1544 

70 

4800 

848000 

8.8606 

4.1318 

11 

in 

1331 

8.3166 

8.2240 

71 

5041 

857911 

8.4261 

4.1408 

IS 

144 

1728 

S.4641 

3.2894 

73 

5184 

873848 

8.4868 

4.1603 

IS 

leo 

8197 

8.6056 

3.3518 

78 

6829 

889017 

8.5440 

4.1798 

14 

Iff 

8744 

S.7417 

8.4101 

74 

6476 

406224 

8.608S 

4.1968 

15 

SS6 

8875 

8.8730 

8.4062 

75 

6625 

421875 

8.6608 

4.2173 

If 

256 

4096 

4.0000 

8.5198 

76 

5776 

438976 

8.7178 

4.2356 

IT 

289 

4913 

4.1231 

8.5713 

77 

5989 

466683 

8.7760 

4.25tt 

If 

8a4 

5638 

4.2426 

3.6207 

78 

6064 

474563 

8.8318 

4.3737 

IS 

861 

6869 

4.3689 

3.6684 

79 

6341 

483038 

8.8888 

4.2908 

ao 

400 

8000 

4.4721 

3.7144 

80 

6400 

512000 

8.9448 

4.3080 

n 

441 

9261 

4.5826 

3.7589 

81 

6661 

631441 

••«. 

4.3267 

ss 

484 

10648 

4.6904 

3.8020 

83 

6784 

561368 

9.0564 

4.8445 

Sf 

589 

12167 

4.7968 

8.8439 

88 

6880 

571787 

9.1104 

4.8631 

S4 

678 

13824 

4.8990 

8.8645 

84 

7056 

682704 

0.1668 

4.3796 

SI 

686 

15625 

5.0000 

3.8240 

85 

7285 

614125 

0.2196 

4.8966 

S8 

878 

17576 

6.0990 

3.9625 

86 

7396 

636056 

6.2786 

4.4140 

S7 

7S8 

19688 

5.1962 

s.oooo 

87 

7560 

658503 

0.3274 

4.4810 

as 

784 

SI968 

5.2915 

8.0366 

88 

7744 

681473 

0.3808 

4.4480 

ss 

841 

S4S89 

6.3852 

S.072S 

80 

7931 

704960 

9.4340 

4.4647 

88 

900 

87000 

5.4773 

8.1072 

90 

8100 

729000 

9.4868 

4.4814 

SI 

9a 

29791 

5.5678 

8.1414 

91 

8281 

753571 

9.6394 

4.4070 

SS 

1084 

82788 

5.6669 

8.1748 

93 

8464 

778688 

9.6917 

4.5144 

ss 

1068 

S5987 

5.7446 

8.2076 

06 

8640 

804357 

0.6487' 

4.5307 

84 

1158 

89304 

5.8310 

8.2396 

94 

8836 

830584 

9.6954 

4.5468 

f6 

im 

42875 

5.9161 

S.2711 

95 

9035 

867375 

9.7468 

4.5630 

ff 

ias8 

46666 

6.0000 

8.3019 

96 

9216 

884736 

9.7980 

4.5780 

tT 

1808 

60663 

6.0628 

8.8322 

97 

9400 

912673 

0.8489 

4.5947 

ff 

1444 

54873 

6.1644 

8.3620 

98 

9604 

941192 

9.8905 

4.6104 

fl» 

1511 

69618 

6.2450 

8.3912 

99 

9801 

970299 

9.9499 

4.6261 

40 

1000 

64000 

6.3246 

8.4300 

100 

10000 

1000000 

10. 

4.6416 

41 

1881 

68921 

6.4031 

8.4482 

101 

10201 

1030301 

10.0499 

4.6570 

43 

1764 

74068 

6.4807 

8.4760 

103 

10404 

1061208 

10.0095 

4.6728 

4S 

1848 

79607 

6.6674 

8.5034 

108 

10600 

1092727 

10.1480 

4.6875 

44 

1908 

86184 

6.6333 

8.5303 

104 

10616 

1124864 

10.1960 

4.7027 

46 

S096 

81186 

6.7083 

8.5569 

106 

11025 

1157625 

10.2470 

4.7177 

48 

8116 

r336 

6.7823 

S.5830 

106 

11236 

1191016 

10.2956 

4.7386 

47 

8808 

103828 

6.8557 

8.6088 

107 

11449 

1225043 

10.3441 

4.7475 

48 

S90I 

110693 

6.9283 

8.6342 

108 

11664 

1259712 

0.3923 

4.7633 

48 

S401 

117649 

7.0000 

S.6603 

100 

11881 

1295029 

10.4403 

4.7769 

60 

S600 

125000 

7.0711 

S.6840 

110 

12100 

1831000 

10.4881 

4.7914 

61 

9601 

1S2851 

7.1414 

8.7084 

111 

13321 

1367631 

10.6367 

4.8090 

6S 

8701 

140008 

7.2111 

8.7S35 

113 

12544 

1404928 

10.6830 

4.8206 

68 

8808 

148877 

7.2801 

8.7563 

118 

12760 

1442807 

10.6801 

4.8348 

64 

S918 

157464 

7.3485 

S.7796 

114 

12996 

1481544 

io.6ni 

4.8488 

66 

80S6 

16S875 

7.4162 

8.8080 

115 

18235 

1530876 

10.7338 

4.8629 

68 

8IS6 

176616 

7.4833 

8.8259 

116 

18466 

1560896 

10.7703 

4.8770 

6T 

8818 

I8619S 

7.5498 

S.8486 

117 

13680 

1601618 

10.8167 

4.8910 

66 

8884 

7.6158 

8.8709 

118 

1S934 

1648033 

10.8688 

iSS 

68 

8481 

7.6811 

8.8080 

119 

14161 

1685160 

10.9087 

m 

6100 

816606 

r.7460 

6.8148 

ISO 

um 

llJfOOO 

10J646 

umm 
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TABUS  Of  fikipares,  CnlMW,  Sqaare  Boots,  and  Cube  Boots, 
oiHambers  flrom  1  to  1000— (CoimiruED.) 


Ve. 

B<ICUff9> 

Oabe. 

Bq.Bt. 

CBt. 

Ko. 

Bqnare. 

Cube. 

8q.Bt. 

O.TLL 

m 
us 
in 

134 
1S6 

14641 
148B4 
15139 
16876 
16636 

1771561 
1816848 
1860667 
900634 
1958126 

11. 

11.0464 

11.0906 

11.1866 

11.1808 

4.9461 
4.96t7 
4.9783 

tr 

186 
187 
188 
189 
190 

84596 
84869 
85844 
85721 
86100 

6434866 
6639308 

6644673 
6751369 
6859000 

18.6383 
18.6748 
U.7118 
18.74n 
U.7840 

6.7068 

6J888 
6.7489 

1» 

127 
128 
12» 
180 

15876 
16129 
16384 
16641 
16800 

3000376 
2048383 
2097152 
2146689 
3197000 

11.3250 
11.2694 
11.8137 
11.3578 
11.4018 

f.0188 
6.0365 
8.0897 

191 
193 
193 
194 
196 

86481 
86864 

87249 
87686 
88025 

6967871 
7077888 
.7189067 
7801884 
7414875 

18.8308 
18.8864 
18.8984 

18.9384 
18.9643 

6.7690 
6.7600 
6.7790 
6.7890 
6.7969 

181 

isa 

188 
184 
186 

17161 
17424 
17689 
17958 
18336 

3348091 
3389968 

3862687 

3460375 

11.4466 
11.4891 
11.6326 
11.5758 
11.6190 

6.0788 
6.0916 
6.1045 
6.1172 
6.1299 

196 
197 
198 

88416 
88809 

89304 
89601 
40000 

7639686 
7645378 
7763892 
7880599 
8000000 

14. 

14.0867 

14.0713 

14.1067 

14.1431 

6.8888 
6.8480 

186 
187 
188 
189 
140 

184M 
18769 
19044 
19321 
19600 

3515466 
3571353 
3628072 
3685619 
3744000 

11.6619 
11.7047 
11.7478 
11.7896 
11.8323 

6.1426 
6.1551 
5.1676 
6.1801 
6.1925 

301 
202 
303 
304 
205 

40401 
40804 
41209 
41616 
42025 

8130601 

8342406 
8865427 
8489664 
8616136 

14.1774 
14.2137 
14.3478 
14.3839 
14.8178 

6.8676 
6.867S 
6.8ni 
6.8866 

6.8964 

141 
142 
148 
144 
145 

19681 
90164 
30449 
30736 
31026 

3808231 
3863388 
3924207 
2985984 
8048625 

11.8748 

11.9164 

11.9588 

13. 

12.0416 

6.2048 
6.2171 
5.2293 
5.2415 
6.2536 

206 
207 
306 
309 
210 

42486 
42849 
43364 
43681 
44100 

8741816 
8869748 
8998913 
9139829 
9361000 

14.8637 
14J876 
14.4333 
14.4668 
14.4914 

6.9645 
6.9489 

146 
147 
148 
149 
150 

81816 
31609 
31904 
33301 
33500 

8112186 
8176523 
8241792 
8307949 
8875000 

13.0830 
12.1244 
12.1656 
12.2066 
13.3474 

6.2666 
6.2776 
6.2896 
6.3015 
6.3183 

811 

212 
218 
214 
215 

44521 
44944 
45369 
45796 

9898861 
9628138 

9938876 

14.6358 
14.6603 
14.6846 
14.6387 
14.6639 

6.96SS 

6.9631 
6.9731 
6.9614 
6.960T 

161 
153 
158 
154 
156 

33801 
33104 
33409 
23716 
34025 

8442961 
3511806 
3581577 
8652264 
8723875 

13.2883 
13.8288 
12.8693 
12.4097 
12.4499 

6.3351 
6.3368 
6.3485 
6.3601 
6.3717 

316 
317 
318 
319 
830 

46666 

47089 
47524 
47961 
48400 

10977096 
10318813 
10860383 

10648000 

14.6069 
14.7809 
14.7648 
14.7986 
14.8834 

«. 
6.0003 

6.0186 
6.0S7T 
6.0668 

166 
167 
158 
159 
160 

34336 
34649 
34964 
35281 
35600 

8796416 
3869803 
3944313 
4019679 
4096000 

12.4900 
12.6300 
13.6696 
1X6096 
12.6491 

6.3883 
6.3947 
6.4061 
6.4175 
6.4388 

331 
323 
338 
334 

336 

49284 
49729 
60176 
60625 

10783861 
10941048 
11969667 
11339424 

iiSoe36 

14.8661 
14.8807 
14.9383 
14.9686 
16. 

6.0469 
6.0660 
6.06tt 
6.0763 
6.0633 

161 
163 
168 
164 
166 

36931 
36244 
36669 
36896 
27225 

4178381 
4251528 
4380747 
4410944 
4492125 

13.6886 
1X7279 
12.7671 
12.8062 
12.8453 

5.4401 
6.4614 
6.4636 
6.4787 

6.4848 

386 

337 
338 
889 
330 

61076 
61529 
61984 
62441 
62900 

11643176 
11697068 
11862852 
12008989 
12167000 

U.088S 
16.0666 

16!l8S7 
U.1668 

6.0913 
6.1003 
6.1061 
6.1180 
6.1369 

166 

167 
168 
169 

170 

37550 
37889 
38234 
38561 
38900 

4674296 
4657463 
4741632 
4836809 
4813000 

13.8841 

13.9328 

12.9616 

18. 

18.0884 

6.4969 
6.5069 
6.5178 
6.5388 
6J>397 

331 
333 
838 
134 
335 

63361 
63824 
64380 

64756 
65335 

12826891 
12487168 
13649887 
13813904 
13977876 

16.1967 
16.3816 
16.36tt 
16.3971 
U.8397 

6.1868 
6.1446 
6.1684 
il6S3 
11716 

171 
173 
178 
174 
176 

39341 
39584 

39929 

822 

6000211 
5068448 
6177717 
5368034 
5850375 

18.0767 
18.1149 
13.1529 
18.1909 
18.3288 

6.5506 
6.5618 
6.5721 
6.5838 
6.5934 

386 

337 
338 
289 
240 

6569ft 

66169 
66644 

67121 
67600 

18144366 
13812053 
13481873 
16651919 
13834000 

16.860 
16.8948 
16.43^ 
16.4586 
U.4919 

6.1797 
6.1886 
6.1973 
1:3068 
6.3146 

176 

in 

178 
179 
180 

81684 
83041 
83400 

6461776 
5645238 
5689762 
57S5SS9 
5883000 

18.3666 
18.8041 
18.8417 
18.8791 
18.4164 

6.6041 
6.«47 
6.6252 
6.6367 
6.6462 

341 
343 
948 
344 
346 

68061 
68564 
69049 
S9686 

90025 

18I976S1 
14173488 
14848907 
14526784 
14706126 

16.6343 
16!5S68 
16.6886 
16.6306 
16.66K 

6.3811 
6.3817 
6.3401 
6.3488 

6.3678 

181 
183 
188 
184 
Ui 

83761 
88134 
83489 
83856 

84336 

6939741 
6038568 

6138487 
6339104 
«S1636 

13.4686 
13.4907 
18.5277 
18.6641 
ll^li 

6.6774 

346 

347 
348 

60616 

14886886 
15669238 

16.6844 
I6.71S 

m 

6.3168 

ha 

has 
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TABIiE  of  Squares,  Ctebes,  Square  Roots,  and  Cnbe  ]tootfl« 
of  JTmnbers  from  1  to  1000— (Gontinubd.) 


Vo. 

Sqnare. 

Onbe. 

8q.  Bt. 

O.  Bt. 

No. 

Square. 

Oabe. 

Sq.Bt. 

CBt. 

SI 

•SOOl 

15818251 

15.8430 

6.8080 

816 

99856 

81554496 

17.7764 

6.8118 

«3 

83504 

16008008 

15.8745 

6.3164 

817 

100489 

31855018 

17.8045 

6.8185 

KS 

8M0e 

16194277 

15.9060 

6.3247 

818 

101124 

32157432 

17.8326 

6.8256 

KM 

64516 

16387064 

15.9374 

6.3330 

819 

101761 

32461759 

17.8606 

8.8328 

K6 

•5025 

16581875 

15.9687 

6.8418 

820 

102400 

32768000 

17.8886 

•.8899 

«8 

•6536 

16777316 

16. 

•.3496 

821 

103041 

33076161 

17.9165 

6.8470 

357 

•6049 

16074693 

16.0813 

6.3579 

822 

108684 

83386248 

17.9444 

6.8541 

S8 

66564 

17173513 

16.0624 

6.3661 

823 

104329 

83606267 

17.9722 

6.8612 

tf9 

•7081 

17373979 

16.0935 

6.8743 

824 

104976 

34012224 

18. 

6.8683 

160 

•7600 

17876000 

16.1345 

6.8825 

825 

105625 

84328125 

18.0378 

6.8758 

Ml 

68131 

17779681 

16,1555 

6.8907 

826 

106276 

84645976 

18.0555 

6.8824 

982 

68644 

17984728 

16.1864 

6.3988 

827 

106929 

84865783 

18.0831 

6.8864 

S6S 

60169 

18191447 

16.2173 

6.4070 

828 

107584 

85287552 

18.1108 

6.8964 

S64 

18399744 

16.2481 

6.4151 

829 

108241 

35611280 

18.1384 

,  6.9084 

m 

10325 

18009635 

16.2788 

6.4232 

830 

106900 

35937000 

18.1659 

6.91M 

M6 

T0T56 

18821096 

16.3095 

6.4313 

831 

109561 

86264691 

18.1934 

6.9174 

»7 

V1389 

19084163 

16.3401 

6.4398 

332 

110224 

36594368 

18.3309 

6.9244 

188 

19348832 

16.3707 

6.4473 

838 

110680 

36926037 

18.2483 

6.9318 

M» 

f8361 

19465109 

16.4013 

6.4553 

334 

111556 

87259704 

18.2757 

6.9383 

STO 

t3900 

19683000 

16.4817 

•.4633 

835 

112225 

87695375 

18.3030 

6.945/ 

tn 

18441 

19103511 

16.4621 

6.4713 

836 

112896 

87988056 

18.8808 

6.9631 

m 

tS984 

30123648 

16.4924 

6.4793 

337 

118560 

88272753 

lb.8576 

6.9586 

ITS 

74539 

20346417 

16.5227 

6.4873 

838 

1142U 

88614472 

18.8848 

6.9658 

fT4 

75076 

20570824 

16.5529 

6.4951 

839 

114921 

38958219 

18.4120 

6.9727 

m 

75625 

30796875 

16.6831 

6.5030 

340 

115600 

89804000 

18.4391 

6.979r 

S78 

76176 

31024576 

16.6133 

6.6108 

341 

116281 

39651821 

18.4662 

6.9864 

m 

76729 

21258933 

16.6433 

6.5187 

342 

116964 

40001688 

18.4932 

6.998S 

S78 

77384 

21484952 

16.6733 

6.5265 

343 

1  7649 

40358607 

18.5208 

7. 

ST» 

77841 

21717639 

16.7033 

6.5343 

344 

118336 

40707584 

18.5472 

7.0061 

»0 

78400 

31963000 

16.7333 

6.5421 

345 

119025 

41063625 

18.5743 

7.0131 

181 

78961 

33188041 

16.7681 

6.5499 

346 

119716 

41421786 

18.6011 

7.O20i 

183 

79524 

32425768 

16.7929 

6.5577 

847 

120409 

41781923 

18.6379 

7.0271 

ffiS 

80069 

22665187 

16.8226 

6.5654 

348 

131104 

42144192 

18.6548 

7.0388 

»4 

80656 

22906304 

16.8523 

6.5731 

349 

131801 

42508549 

18.6815 

7.0401 
T.047I 

»5 

81325 

33149125 

16.8819 

6.5808 

350 

133500 

42875000 

18.7063 

M6 

81796 

33393656 

16.9115 

6.5885 

351 

133301 

43248551 

18.7850 

7.0540 

»7 

82369 

33639903 

16.9411 

6.5962 

352 

123904 

43614208 

18.7617 

7.0607 

»8 

82944 

33887873 

16.9706 

6.6039 

353 

124609 

43986977 

18.7883 

7.0674 

SB9 

83521 

24187569 

17. 

6:6115 

854 

135316 

44361864 

18.8149 

7.0740 

90 

84100 

34389000 

17.0394 

6.6191 

855 

136025 

44738875 

18.8414 

7.0807 

m 

84681 

34642171 

17.0587 

6.6267 

856 

126736 

45118016 

18.8680 

7.0878 

93 

85264 

24897088 

17.0880 

6.6343 

357 

127449 

45499293 

18.8944 

7.0940 

£ 

85849 

25153757 

17.1172 

6.6419 

858 

128164 

45882712 

18.9209 

7.1006 

Si 

25412184 

17.1464 

6.6494 

859 

128881 

46268279 

18.9473 

7.1072 

M 

87025 

35673375 

17.1756 

6.6569 

860 

129600 

46656000 

18.9737 

7.1138 

M 

87616 

35934336 

17.3047 

6.6644 

361 

130321 

47045881 

19. 

7.1304 
7.1360 

»7 

88209 

96198073 

17.2337 

6.6719 

362 

131044 

47437928 

19.016S 

»e 

88804 

26463592 

17.2627 

6.6794 

363 

131769 

47832147 

19.0526 

7.1335 

»9 

89401 

26780899 

17.2916 

6.6869 

364 

132496 

48228544 

19.0788 

7.1400 

100 

90000 

27000000 

17.3205 

6.6943 

365 

133225 

48627125 

19.1050 

7.1466 

•01 

•0601 

37370901 

17.3494 

6.7018 

866 

133956 

49027896 

19.1311 

7.1581 

103 

91204 

37543608 

17.3781 

6.7092 

367 

134689 

49430863 

19.1572 

7.1596 

MS 

91809 

37818127 

17.4069 

6.7166 

868 

135424 

49836032 

19.1833 

7.1661 

s; 

92416 

38094464 

17.4356 

6.7240 

869 

136161 

50243409 

19.2094 

7.1726 

98025 

28372625 

17.4642 

0.7318 

870 

136900 

50653000 

19.2354 

7.1791 

M6 

9S636 

28852616 

17.4929 

6.7387 

871 

187641 

51064811 

19.2614 

7.1865 

•or 

94249 

28934443 

17.5214 

6.7460 

372 

138.384 

51478848 

19.2873 

7.1920 

•06 

94864 

29218112 

17.5499 

6.7533 

373 

139129 

51895117 

19.31.M 

7.1984 

•00 

95481 

39503629 

17.6784 

6.7606 

374 

139876 

62313624 

19.8391 

7.3048 

•10 

96100 

39791000 

17.6068 

6.7879 

375 

140625 

52734375 

19.3649 

7.2113 

m 

•6721 

80060331 

17.6352 

6.7752 

876 

141876 

63157376 

19.3907 

7.2171 

•IS 

97344 

30371328 

17.6635 

6.7824 

877 

142129 

53589633 

19.4165 

7.2340 

•18 

97960 

80664297 

17.6918 

6.7897 

378 

142884 

54010152 

19.4423 

2-22 

8S 

E 

80969144 
SUBOSIft 

17.7200 
17.748J 

6.7969 

879 
•80 

143641 
14AU9 

64439939 
64S7fm 

8:^ 

im 
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TABUS  of  SoiiareSt  (Tubes,  S>a  nare  Boote,  and  Cnhe 
of  Jfimibers  ftrom  1  to  1000— (CoNTuruED.) 


Vo. 

Sqtuure. 

Cube. 

8q.Bt. 

cat. 

Wo. 

SQuare. 

Cube. 

Bq.Bt. 

O.Bt. 

881 
882 
88S 
884 

886 

146161 
146924 
146689 
147456 
148225 

65806341 
65742968 
66181887 
66623104 
57066625 

19.6192 
19.5448 
19.5704 
19.5959 
19.6214 

7.2495 
7.2558 
7.2622 
7.2685 
7.2748 

446 
447 
448 
449 
450 

198916 
199809 
300704 
901601 
802500 

88716536 
89314638 
89915392 
90518849 
91135000 

31.1187 
21.1424 
21.1660 
21.1896 
21.2183 

7.6406 
7.6460 
7.6517 
7.6674 
7.6681 

886 

887 
888 

889 
880 

148996 

149769 
160644 
161821 
162100 

57513456 
57960603 
68411072 
58863869 
59819000 

19.6460 
19.6723 
19.6977 
19.7231 
19.7484 

7.2811 
7.2874 
7.3936 
7.3990 

7.8061 

451 
452 
453 
454 
455 

908401 
904804 
905900 
206116 
807025 

91788851 
92345406 
92969677 
93576664 
94196375 

21.8868 
21.2608 
21.2888 
21.3078 
21.8807 

7.6686 
7.6744 
7.6801 
7.6867 
7.68U 

891 
893 
89S 

894 
80S 

162881 
163664 
164449 
156336 
156025 

68n6471 
60236288 
60698457 
61163984 
61629675 

19.7737 
19.7990 
19.8348 
19.8484 
19.8746 

7.3124 
7.8186 
7.8248 
7J»10 
t.8S72 

456 
457 
458 
458 
460 

907986 
908849 
809764 
310681 
811600 

94818816 
95448998 
96071913 
96703579 
97386000 

21.8548 
21.8776 
21.4009 
21.4248 
31.4476 

7.6876 
7.7086 
7.7068 
7.7188 
7.7164 

898 
897 
896 
899 

400 

166816 
167609 
168404 
169201 
160000 

62090136 
62570773 
63044793 
63531199 
64000000 

19.8097 
19.9248 
19.9499 
19.9750 
30. 

7.3434 
7.3496 
7.8558 
7.8619 
7.3681 

461 
462 
463 
464 
465 

812531 
313444 
214868 
815296 
316325 

97973181 
98611128 
99362847 
99897844 
100544635 

81.470© 

21.6401 
31.6689 

7.7866 

?:SS 

7.7418 
7.7478 

401 
401 
408 
404 
406 

160601 
161604 
162400 
163316 
164035 

64481201 
64864806 
65460627 
66989264 
66480125 

30.0250 
30.0499 
30.0749 
20.0098 
30.1246 

7.8743 
7.3803 
7.8884 
7.8925 
7.8966 

466 

467 
468 
469 
470 

317166 
218060 
219024 
319961 
330900 

101194696 
101847563 
102508882 
103161709 
103828000 

81.6870 
31.6108 
21.6888 
21.6664 
31.6796 

7.7689 

7.7584 
7.7686 
7.7606 
7.7766 

406 
407 
408 
409 
410 

164880 

165649 

167281 
168100 

6693S416 
67419143 
67917813 
68417929 
68921000 

20.1494 
20.1743 
20.1990 
20.2237 
20.2485 

7.4047 
7.4108 
7.4169 
7.4229 
7.4290 

471 
472 
473 
474 
475 

SS1841 
322784 
233789 
234676 
835635 

104487111 
105154048 
105888817 
106486424 
107171875 

31.7085 
21.7366 
21.7486 
31.7716 
81.7M6 

7.7806 
7.7866 
7.7916 
7.7970 
7.8016 

411 
418 
418 
414 
415 

168931 
169744 
170660 
171396 
172325 

68436531 
69934628 
70444997 
70957944 
71473375 

30.3731 
20.3978 
20.3224 
20.3470 
20.3715 

7.4360 
7.4410 
7.4470 
7.4530 
7.4580 

476 
477 
478 
479 
480 

316576 
837539 
338484 
339441 
230400 

107850176 
108581838 
109316868 
109903889 
110589000 

11.8174 
31.8408 
81.8683 
31.8861 
81.8068 

7.8010 
7.8164 
7.8186 
7.8att 
7.838T 

416 
417 
418 
419 
480 

173066 
173889 
174784 
175661 
176400 

71991296 
72511713 
73034632 
73560059 
74088000 

20.3961 
20.4206 
20.4450 
20.4695 
20.4839 

7.4650 
7.4710 
7.4770 
7.4829 
7.4889 

481 
482 
483 
484* 
485 

231861 
232324 
233280 
234256 
235225 

111284641 
111980168 
112678687 
113879904 
114084195 

31.9817 

31.9545 

31.9778 

33. 

33.0337 

7.8868 

481 
428 

428 

424 
425 

177241 
178084 
178929 
179776 
180625 

74618461 
75151448 
75686967 
76225024 
76765623 

30.5183 
20.5426 
20.5670 
20.5913 
20.6155 

7.4948 
7.5007 
7.5067 
7.5136 
7.6185 

486 
487 
488 
489 
490 

236196 
237169 
238144 
239121 
240100 

114791366 
115501803 
116814973 
116980169 
117649000 

83.0454 
32.0681 
82.0907 
32.1188 
83.1859 

7'.8784 
7.8811 

436 
427 
438 
429 
480 

181476 
182329 
183184 
184041 
184900 

77308776 
77854483 
78402763 
78963589 

79507000 

20.6398 
20.6640 
20.6882 
20.7123 
20.7364 

7.5244 
7.5808 

7!^ 

7.5478 

491 
482 
483 
494 
485 

841081 
242064 
243048 
244036 
845025 

118370771 
119096488 
119833157 
120658784 

33.1586 
22.1811 
82.3036 
32.23B1 
32.2466 

7.8801 

?:SS 

481 
483 
483 
484 
485 

185761 
186624 
187480 
188356 
189225 

80062991 
80621568 
81182737 
81746504 
82312875 

20.7605 
20.7846 
20.8067 
20.8327 
20.8567 

7.5537 
7.5585 
7.5654 
7.5713 
7.5770 

496 
497 
498 
499 
500 

846016 
247009 
248004 
249001 
850000 

122023896 
122768473 
123506992 
124251499 
125000000 

33.sni 

S3!8160 
33.3383 
33.8607 

7.9ltf 

7.981T 
7.9870 

486 

487 
488 

488 
440 

19I8U 
192721 

82881856 
83453453 
84027672 
84604519 
85184000 

20.8806 
20.9045 
20.9284 
30.9523 
30.9763 

7.5828 
7.5886 
7.5944 
7.6001 
7.6059 

501 
502 
503 
504 
505 

951001 
352004 
353009 
254016 
255025 

125751601 
126506006 
127268527 
128024064 
128787625 

33.8880 
33.4064 
33.4377 
32.4489 
33.4733 

i 

441 

194481 
196364 
196249 
197136 

85766121 
86350688 
86938307 
87528384 
68UU8S 

31. 

31.0288 

21.0476 

21.0713 

U.OIM 

7.6117 
7.6174 
7.6232 
7.6289 
7.6840 

506 
507 
608 
609 
610 

256036 
257049 
258064 
859081 
8WZ00 

129554816 
130388843 
131096618 

33.4844 

i 
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TABUB  of  Sonares,  Cubes,  Sqnare  Boots,  and  Cube 
orif ambers  flrom  1  to lOOO— (GoNvufUKD.) 


Ko. 

Square. 

Oabe. 

8q.  Bt. 

CBt. 

No. 

Bquwre. 

Cube. 

Sq.Bt. 

CB*. 

611 
613 
&1S 
5U 
616 

S61121 
262144 
268169 
264196 
265226 

183433831 
184217728 
185005697 
135796744 
186590875 

33.6058 
32.6274 
22.6495 
33.6716 
83.6986 

7.9948 

8. 

8.0053 

8.0104 

8.0166 

576 
577 
578 
579 
580 

831776 
832929 
834084 
835241 

191102976 
192100038 
193100553 
194104589 
196119000 

84. 

34.0206 
84.0416 
84.0624 
84.0883 

8.890t 

8.8848 
«.88St 

616 
617 
618 
619 
620 

266256 
367380 
268824 
289S61 
270400 

187388096 
188188413 
188991832 
189798369 
140608000 

32.7156 
32.7376 
22.7596 
33.7816 
33.8035 

8.0306 
8.0260 
8.0811 
8.0368 
8.0415 

581 
583 
583 

584 
586 

887561 

838724 
839888 

841066 
843335 

196133941 
197187868 
188155387 
189176704 
900301636 

84.1089 
34.1847 
84.1454 
84.1661 
84.1868 

8.8448 
8.8481 
8.8580 
8.8587 
&8684 

6S1 
622 
62S 
624 
636 

271441 
272484 
278529 
374576 
375635 

141420761 
142236648 
143055667 
143877824 
144708126 

33.8254 
22.8478 
32.8692 
23.8910 
22.9129 

8.0466 
8.0517 
8.0569 
8.0620 
8.0671 

586 

587 
588 
589 
690 

848896 
844569 
845744 
846981 
848100 

901380066 
303363003 
308397473 
304386469 
906879000 

84.3074 
84.3381 
84.3487 
84.9698 
84.3889 

8.8681 

8.8780 
8.8777 
8.8885 
8.8878 

696 
627 
628 
629 
060 

376676 
377729 
378784 
379841 
380900 

145531576 
146363183 
147197952 
148035880 
148877000 

33.9847. 

32.9565 

33.9788 

38. 

88.0217 

8.0728 
8.0774 
8.0825 
8.0876 
8.0927 

691 
693 
598 
694 
595 

848381 
850464 
851648 
852886 
854035 

906435071 
307474688 
308537867 
309584584 
210644875 

M.8106 
84.8811 
84.8516 
84.8731 
84.8936 

8.8918 

8.4061 
8.4106 

6S1 
632 
6SS 

634 
616 

381961 
388034 
384069 
385166 
386236 

149721291 
160568768 
161419437 
162273304 
163180375 

38.0484 
33.0651 
33.0868 
33.1084 
88.1301 

8.0978 
8.1028 
8.1079 
8.1180 
8.1180 

806 
607 
698 
500 
600 

855316 
866409 
857604 
858801 

811708786 
813776178 
213847193 
314931799 
316000000 

84.4131 
84.4336 
84.4540 
84.4745 
84.4849 

8.4166 
8.4308 
8.4349 
8.4396 
8.4848 

686 

687 
6S8 

689 
540 

387296 
288869 

389444 
39Q631 
391600 

153990656 
154854153 
155720872 
156590819 
157464000 

38.1517 
23.1738 
23.1948 
23.2164 
28.2379 

8.1281 
8.1281 
8.1383 
8.1883 
8.1488 

601 
603 
608 
604 
605 

861301 
862404 
863600 
864816 
866025 

317081801 
318167308 
319356337 
320348864 
331446136 

84.5168 
84.5857 
84.5561 
84.6764 
84.6867 

8.4880 
8.448T 
8.4484 
8.4680 
8.45n 

641 
542 
648 
644 
646 

393681 

898764 
394849 
395086 
397025 

168340421 
159220088 
160103007 
160989184 
161878625 

28.2594 
33.2809 
33.3024 
33.8238 
33.3453 

8.1488 
8.1533 
8.1583 
8.1638 
8.1688 

606 
607 
608 
600 
610 

867386 
868449 
868664 
870881 
872100 

832545016 
223648548 

84.6171 
84.6374 
84.6677 
84.6778 
84.6983 

8.4688 
84670 

334756713 
325866639 
336861000 

8!47I6 
8.4768 
8.4800 

646 

647 
648 
540 
660 

396116 
280300 

800804 
801401 
803600 

162771886 
168667823 
164566582 
1654691M 
166876000 

38.8666 
33.8880 
33.4094 
33.4307 
33.4521 

8.1788 
8.1788 
8.1838 
8.1883 
8.1963 

611 
613 
618 
614 
615 

878831 
874544 
875760 
876996 
878235 

338099181 
829230938 
330346397 
331475544 
332608875 

84.7184 
84.7386 
84.7588 
84.7790 
34.7993 

8.4866 

8.4808 
8.484B 
8.4904 
8.5040 

663 
664 
666 

800601 
804704 
805809 
806916 

167284151 
168196608 
169112377 
170081464 
170958875 

38.4784 
33.4947 
33.5160 
33,5373 
33.6684 

8.1983 
8.3081 
8.3081 
8.2180 
8.2180 

616 
617 
618 
619 
630 

379456 
880680 
881924 
883161 
884400 

333744896 
384885113 
336039083 
387176658 
388338000 

84.8198 
84.8895 
34.8696 
84.8787 
84.8998 

8.5088 
8.6188 
8.5178 
8.5394 
8.5370 

666 

660 
600 

809186 
810349 
811864 
813481 
818600 

171879616 
172808693 
173741112 
174676879 
175616000 

33.5797 
33.6006 
33.6220 
23.6433 
33.6648 

8.2229 
8.2278 
8.2337 
8.2377 
8.2426 

631 
633 
638 
624 
626 

885641 

888139 
889376 
890625 

389488061 
340641848 
341804867 
342970624 
344140635 

34.9199 
34.9899 
34.9600 
34.9800 
85. 

8.5316 
8.5868 

8.5408 
8.5458 
8.5480 

561 
562 
668 
664 
666 

814731 
815844 
816060 
818096 
819326 

176558481 
177504828 
178453547 
179406144 
180362125 

23.6854 
33.7066 
33.7276 
33.7487 
38.7607 

8.2476 
8.2524 
8.2578 
83621 
8.2670 

636 
627 
628 
629 
680 

891876 
898129 
894384 
895641 
896900 

945814876 
346491883 
347673152 
248858189 
360047000 

36.0300 
35.0400 
35.0689 
35.0799 
85.0096 

8.5544 

8.6600 
8.5685 

8.5681 
8.6786 

666 

667 
668 

660 

570 

830656 

831489 
822624 
828761 
824800 

181821496 
182284268 
183260432 
184220009 
186193000 

38.7906 
33.8118 
33.8338 
33.6537 
38.8747 

8.2719 
8.2768 
8.2816 
8.2865 
8.2918 

681 
683 
688 

684 
685 

898161 
8994i4 
400689 
401956 
403226 

351388681 
352485868 
353636187 
3548«0104 
366047875 

85.1197 
85.1396 
35.1595 
36.1794 
35.1993 

8.6773 
8.5817 
8.6868 

lis: 

571 
572 
578 

830041 
837184 
828839 
839476 
880635 

186160411 
187149248 
1681S3517 

38.8866 
33.9166 
33.9374 
38.9588 
38.9798  i 

8.2963 
8.8010 
8.8069 
8.8107 
8.8155 

636 
687 
688 
688 
640 

404496 
406768 
407044 
408821 
409600 

367359456 
358474868 
359694073 
360917119 
863144060 

35.3190 
35.3889 
85.3687 
35.3784 
85.8868 

sioott 

8.6088 
8.6188 

8.8m 

4S4      TABLB  XXIX.— SQUARES,  CUBES,  AND  ROOTS. 


TAllIiE  of  Smiares,  Cubes,  Sanare  Rootik  and  Cabe 
of  iiraiiibers  firom  1  to  lOOO— (Oontinux]).) 


iro. 

BQIUtfO* 

Oabe. 

Sq.Bt. 

ast. 

Na 

Sqnanw 

Oabe. 

8q.Bt. 

0.B1L 

641 

648 
644 

646 

410681 
413164 
413449 
414786 
416036 

863374721 
264609288 
265847707 
367080984 
868336135 

86.8180 
86.8877 
86.8574 
».8773 
86.8869 

8.6332 
8.6267 
&6313 
8.6357 
8.6401 

706 
707 
708 
709 
710 

496486 
499849 
601964 
602081 
604100 

861896816 
868896348 
864894913 
866400829 

867911000 

86.6707 

86.6371 
86.6468 

8.9oS 

9.9197 
8.9169 
8.98U 

646 
64T 
648 
649 
6B0 

417816 
418809 
419904 
421301 
438500 

869586186 
370840023 
372097793 
273369449 
874636000 

86.4166 
86.4863 
86.4658 
85.4756 
86.4861 

8.6446 
8.6490 
8.6636 
8.6679 
8.6684 

711 
712 
718 
714 
716 

606621 

606869 

609796 
611826 

869426481 
860944128 
862467097 
963994844 
865625875 

86.6646 
96.6888 

86.7081 
86.7806 
96.7896 

8J86S 

8.9896 
8.9887 
8^78 
9.9490 

651 
663 
66S 
664 
666 

433801 
425104 
426409 
437716 
439036 

875894461 
277167808 
2784450n 
879786264 
881011876 

86.6147 
86.6348 
85.5539 
85.6784 
86.5980 

8.6668 
8.6718 
8.6767 
8.6801 
8.6846 

716 
717 
718 
719 
789 

613666 
614089 
616634 
616961 
618400 

867061606 
868601818 
870146232 
871694959 
878248000 

86.7688 
26.n69 
96.7966 
96.8143 
96.8838 

8.946S 

8.950t 
8.954ft 
8.958T 
8^688 

6B6 

667 
668 

669 
660 

480836 
481649 
483904 
434281 
486600 

882300416 
383593393 
884890313 
886191179 
887486000 

86.6126 
85.6320 
95.6616 
85.6710 
86.6906 

8.6899 

8.6984 
8.6978 
8.7038 
&7066 

721 
722 
728 
724 
735 

619641 
631^ 
633729 
624176 
625626 

874805861 
876367048 
877988067 
879S08424 
881078185 

96.8614 
96.8701 
96.8887 
86.9078 
96.9358 

8.9670 
8.9711 
8.9769 
8.9794 

sjesft 

661 
663 
66S 
664 
666 

436931 
438244 
439569 
440896 
443336 

888804781 
890117538 
891484347 
3937549M 
394079626 

85.7099 
86.7394 
36.7488 
86.7683 
26.7876 

8.7110 
8.7164 
8.7198 
8.7241 
8.7286 

726 
727 
728 
729 
780 

627078 
628629 
629984 
631441 
632900 

882667176 

887430489 
889017000 

96.9444 

96.9689 
96.9616 
87. 
87.0185 

s.9&m 

8.9918 
8.9958 
9. 
9.0041 

666 

667 
668 
609 

670 

443656 
444889 

446324 
447661 
448000 

896408296 
896740968 
806077632 
299418309 
800763000 

86.8070 
35.8268 
25.8457 
25.8650 
86.8844 

8.7329 
8.7878 
8.7416 
8.7460 
8.7503 

781 
732 
733 
734 
785 

684861 
636824 
687289 
638756 
640226 

890617891 
892228168 
893882837 

897066875 

87.0670 
87.0666 
97.0740 
87.0934 
87.1109 

9.0069 

9.0189 
9.0164 

671 
678 

673 
674 
676 

460341 
451684 
463929 
454276 
466626 

802111711 
803464448 
804821217 
806182024 
807546876 

86.9037 
25.9230 
86.9422 
86.9616 

8.7647 
8.7590 
8.7684 
8.7677 
8.7721 

786 
737 
738 
739 
740 

641606 
548169 
644644 
646121 
647600 

898688356 
400316668 
401947873 
408688419 
406384000 

87.1306 
87.14n 
87.1668 
87.1816 
n.8039 

9.0968 
9.Ott0 
9.0460 

676 
677 
678 
679 
680 

456976 
458829 
459684 
461041 

808916776 
310288733 
311665752 
813046839 
814482000 

86. 

26.0192 

26.0384 

86.0576 

86.0768 

8.7764 
8.7807 
8.7860 
8.7893 
8.7987 

741 
742 
743 
744 
746 

649081 
650564 
552049 
553686 
655026 

406889031 
408518488 
410173407 
411880784 
418498635 

87.3318 
87.8897 
87.3680 
87.3764 
87.8947 

ISSS 

681 
688 
688 
684 

686 

463761 
465134 
466489 
467866 
469336 

815821341 
817214568 
318611987 
820013504 
821419125 

86.0960 
86.1151 
86.1348 
86.1534 
86.1725 

8.7960 
8.8023 
8.8066 
8.8100 
8.8162 

746 

747 
748 
749 
750 

751 
752 
758 
754 
755 

656616 
658009 

659504 
661001 
662500 

664001 
666604 

567009 
668516 
570026 

415160936 
416883738 
418508993 
420189749 
431876000 

438564761 
436359008 
420967777 
428661064 
480868875 

87.8180 
87.8818 
87.8486 
87.8679 
97.8861 

87.4044 
87.4336 
87.4406 
87.4591 
87.4778 

9.0604 
9.0785 
9.077S 

!:iSi: 
IISS 

9.097T 
9.161T 
9.1057 

686 

687 
688 

689 
690 

470686 
471969 
473344 
474731 
476100 

822828666 
824242703 
825660672 
327062768 
828509000 

86.1916 
86.2107 
86.2296 
86.2488 
86.2679 

8.8194 
8.8287 
8.8280 
8.8328 
8.8366 

391 
693 
698 
694 
6S6 

477481 
478864 
480249 
48I6S6 
488026 

829989371 
831378888 
3355812557 
834255384 
885702875 

86.2869 
86.8059 
96.8249 
86.8489 
86.8629 

8.8406 
8.8451 
8.8488 
8.8586 
8.8578 

766 
767 
758 
759 
760 

671536 
678049 
674664 
676081 
677600 

482081816 
433798093 
435519613 
487346479 
488976000 

27.4966 
87.5186 
87.5318 
87.5500 
87.6681 

9J188 
9.1VS 

9:U68 

6B6 
607 
606 
699 
700 

484416 
486809 
487204 
488601 
•490000 

887153636 
338608873 
840068392 
341532090 
843000000 

96.8818 
26.4008 
26.4197 
26.4386 
36.4575 

8.8621 

8.8668 
8.8706 
8.8748 
8.8790 

761 
762 
763 
764 
766 

679131 
680644 

583169 
588606 
686226 

44a7U081 
448460788 
444194947 
445948744 
447697135 

87.6868 
87.6048 
87.6336 
87.6406 
87.6686 

9.1878 
9.1418 
9.1468 

1& 

TOO 

491401 
493804 
484209 
496616 
497086 

844478101 
845048406 
847438927 

169408636 

86.4764 
36.4968 
36.6141 
96.6880 
96461t 

8.8833 
8.8875 
8.8917 
8.8969 
S.9901 

766 
767 
768 
769 
770 

586756 
688280 
680824 
691361 
698800 

449456096 
461317663 
463984683 
464766909 

87.6767 
87.6948 
97.7188 
97.7808 
17.7489 

94488 
94587 
94577 

US 
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TABItE  of  Sqiiarefl,  Cabes,  Sqnare  Root«,  and  Cnbe  R*«ta» 
of  Jrambera  from  1  to  lOOO  — (Oontimusd.> 


Vo. 

Bqomre. 

Cube. 

8q.Bt. 

0.  Bt. 

No. 

Square. 

Cube. 

Sq.Bt. 

cm. 

771 

594441 

458314011 

27.7669 

9.1696 

836 

696896 

584277056 

38.9187 

9.4204 

772 

595984 

37.7849 

9.1736 

837 

700569 

586376253 

28.9810 

9.4241 

778 

507529 

461889917 

27.8029 

9.1775 

838 

702244 

588480472 

38.9482 

9.4279 

774 

599076 

463684824 

27.8209 

9.1815 

839 

703921 

590589719 

38.9655 

•.4316 

rib 

600625 

465484375 

87.8388 

9.1855 

840 

705600 

592704000 

88.9828 

•.4354 

77« 

602176 

467288576 

37.8568 

9.1894 

841 

707281 

594823321 

99. 

•.4891 

777 

603729 

469097433 

27.8747 

9.1933 

843 

706864 

596947688 

29.0173 
29.0345 

9.4429 

778 

605284 

470910952 

27.8927 

9.1973 

843 

710649 

599077107 

9.4466 

77» 

606841 

472729139 

37.9106 

9.2012 

844 

712336 

601211584 

39.0517 

9.4508 

780 

608400 

474652000 

37.9285 

9.2052 

845 

714025 

603851125 

39.0689 

9.4641 

781 

609961 

476879541 

37.9464 

•.2091 

846 

715716 

605496736 

89.0861 

•.4578 

78J 

611524 

478211768 

27.9643 

9.2130 

847 

717409 

607645423 

39.1033 

9.4616 

788 

613089 

480048687 

27.9821 

•.2170 

848 

719104 

609800192 

29.1204 

9.4658 

784 

614656 

481890304 

28. 

9.2200 

849 

720801 

611960049 

39.1376 

9.4690 

785 

616225 

483736625 

28.0179 

9.2248 

850 

722500 

614125000 

39.1548 

9.4737 

786 

617796 

485587656 

38.0357 

9.2287 

851 

724201 

616295051 

39.1719 

•.4784 

787 

619369 

487443403 

38.0535 

9.2326 

853 

725904 

618470208 

291890 

9.4801 

788 

630944 

489303872 

28.0713 

9.2365 

853 

727609 

620650477 

29.2063 

9.4888 

789 

622521 

491169069 

28.0891 

9.2404 

854 

729316 

622835864 

89.3238 

9.4875 

790 

624100 

493039000 

28.1069 

9.2443 

855 

731025 

625036375 

39.3404 

9.4918 

791 

625681 

4949136n 

38.1347 

9.2482 

856 

782736 

627222016 

29.2575 

9.494» 

793 

627364 

496793088 

28.1425 

9.2521 

857 

784449 

629422793 

39.2746 

9.4986 

798 

628849 

498677257 

28.1603 

9.2560 

858 

736164 

631628712 

39.2916 

9.5028 

794 

630436 

500566184 

28.1780 

9.2599 

859 

737881 

633839779 

39.8087 

9.5060 

79» 

632025 

502459875 

28.1957 

9.2638 

860 

739600 

636056000 

39.3258 

9.609T 

796 

638616 

604358336 

28.2135 

9.2677 

861 

741821 

638277881 

29.3428 

9.5184 

197 

635209 

506261573 

28.2312 

9.27ie 

862 

743044 

640503928 

39.3598 

9.5171 

796 

636804 

608169592 

28.2489 

9.2754 

863 

744769 

642735647 

29.3769 

9.5207 

799 

638401 

510082399 

28.2666 

9.2793 

864 

746496 

644972544 

39.3939 

9.52a 

fOO 

640000 

512000000 

28.2843 

9.2832 

865 

748225 

647214625 

39.4109 

9.5281 

noi 

641601 

513922401 

28.8019 

9.2870 

866 

749956 

649461896 

39.4279 

9.5817 

803 

643204 

515849608 

28.3196 

9.2909 

867 

751689 

651714363 

29.4449 

9.6354 

803 

644809 

517781627 

28.3373 

9.2948 

868 

753424 

653972032 

29.4618 

9.5391 

804 

646416 

519718464 

28.3549 

9.2986 

869 

755161 

656234909 

29.4788 

9.5427 

806 

648025 

521660125 

28.3725 

9.3025 

870 

756900 

658503000 

29.4958 

9.5461 

806 

649636 

523606616 

38.3901 

9.3063 

871 

758641 

660776811 

29.6127 

9.5501 

807 

651249 

525557943 

28.4077 

9.3102 

872 

760384 

663054848 

29.5296 

9.5537 

806 

652864 

527514112 

28.4253 

9.3140 

873 

762129 

665338617 

39.5466 

9.5574 

809 

654481 

529475129 

28.4429 

9.3179 

874 

763876 

667627624 

29.5635 

9.5610 

810 

666100 

531441000 

28.4605 

9.3217 

875 

765625 

669921875 

39.6804 

9.5647 

811 

657721 

533411731 

28.4781 

9.3255 

876 

767376 

672221876 

89.5978 

9.S68S 

812 

659344 

535387328 

28.4956 

9.3294 

877 

769129 

674526133 

29.6142 

9.5719 

818 

660969 

537367797 

28.5132 

9.3332 

878 

770884 

676836152 

29.6311 

9.5756 

814 

662596 

639353144 

28.5307 

9.3370 

879 

772641 

679151439 

29.6479 

9.5793 

815 

664225 

541343375 

28.5482 

9.3408 

880 

774400 

681472000 

89.6648 

9.5828 

816 

666866 

543338496 

38.5657 

9.3447 

881 

776161 

683797841 

29.6816 

'9.5865 

817 

667489 

545338513 

28.5832 

9.3485 

882 

777924 

686128968 

29.6985 

9.5901 

818 

669124 

547343432 

28.6007 

9.3523 

883 

779689 

688465387 

29.7153 

9.5937 

819 

670761 

549353259 

28.6182 

9.3561 

884 

781456 

690807104 

29.7321 

9.5978 

830 

672400 

551368000 

28.6356 

9.3599 

885 

783226 

693154125 

29.7489 

9.6010 

831 

674041 

553387661 

28.6581 

9.3637 

886 

784996 

695506456 

29.7658 

9.6046 

633 

675684 

555412248 

38.6705 

9.3675 

887 

786769 

607864103 

29.7825 

9.6083 

838 

677329 

557441767 

28.6880 

9.3713 

888 

788544 

700227072 

29.7993 

9.6118 

834 

678976 

559476224 

28.7064 

9.3751 

889 

790321 

702595369 

29.8161 

9.6154 

835 

680625 

561515625 

28.7228 

9.3789 

890 

792100 

704969000 

29.8329 

9.6190 

836 

682276 

563559976 

28.7402 

9.3827 

891 

793881 

707847971 

29.8496 

9.6826 

837 

683929 

565609283 

28.7576 

9.3865 

892 

795664 

709732288 

29.8664 

9.6263 

838 

685584 

567663552 

28.7750 

9.3902 

893 

797449 

712121957 

29.8831 

9.6298 

839 

687241 

568722789 

28.7924 

9.3940 

894 

799236 

714516984 

29.8998 

9.6834 

830 

688600 

571787000 

38.8097 

9.3978 

895 

801025 

716917375 

29.9166 

9.6370 

881 

690561 

5TS856191 

28.8271 

9.4016 

896 

802816 

719328136 

29.9333 

9.6406 

833 

692224 

575930368 

28.84U 

9.4053 

897 

804609 

721734278 

29.9500 

9.6442 

888 

6M669 

578009537 

28.8617 

9.4091 

896 

806404 

724150792 

39.9666 

9.6477 

884 

580093704 

28.8791 

9.4129 

899 

808201 

726572609 

39.9888 

9.6518 

«5 

697236 

662182875 

38.8964 

9.4166  1 

900 

810000 

728000000 

~-c. 

9.664* 
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TABI«K  of  Sqnares,  Cnbes,  fikinare  Booto,  and  Cube  Boote, 
of  Nnmbers  from  1  to  1000— (Comtikum>.) 


Ifo. 

Square. 

Cube. 

Sq.Bt. 

O.Bt. 

No. 

Sqtuure. 

Cube. 

Bq.Bt. 

aBt. 

901 

811801 

731482701 

30.0167 

9.6685 

951 

904401 

860085361 

80.8888 

9.8389 

902 

813604 

733870808 

30.0333 

9.6820 

952 

906304 

862601406 

80.8546 

9.8374 

90S 

815400 

736314327 

30.0500 

9.6666 

958 

908209 

866523177 

80.8707 

9.8406 

904 

817216 

738763264 

80.0666 

9.6692 

954 

910116 

868250664 

80.8869 

9.8448 

906 

819026 

741217626 

80.0832 

9.6727 

955 

912025 

870968876 

80.9081 

9.8477 

906 

830836 

743677416 

80.0998 

9.6763 

956 

913936 

873722816 

80.9192 

9.8611 

907 

822649 

746142643 

30.1164 

9.6790 

957 

915849 

876467493 

80.9664 

9.8646 

906 

824464 

748618312 

30.1830 

9.6884 

958 

917W4 

879217912 

80.9616 

9.8680 

909 

826281 

751089429 

80.1496 

9.6870 

959 

919681 

881974079 

80.9677 

9.8614 

910 

828100 

758571000 

80.1662 

9.6906 

960 

921600 

884786000 

80.9689 

9.8648 

911 

829921 

756068061 

80.1828 

9.0941 

961 

933521 

887503681 

31. 

9.8686 

91t 

881744 

758550528 

80.1993 

9.6976 

962 

925444 

890277138 

81.0161 

9.871T 

918 

883560 

761048497 

80.2159 

9.7012 

968 

927369 

893066847 

81.0822 

9.8751 

914 

835396 

763551944 

30.2824 

9.7047 

964 

929296 

895841844 

81.0468 

9.8786 

916 

887225 

766060875 

30.2490 

9.7082 

966 

931225 

896682126 

31.0644 

9.8819 

91C 

889056 

768575296 

80.2655 

9.7118 

966 

938156 

901428686 

31.0806 

9.8854 

917 

840889 

771096213 

80.2820 

9.7158 

967 

935069 

904281068 

31.0966 

9.8888 

918 

842724 

773620682 

30.2985 

9.7188 

968 

937024 

907089282 

81.1137 

9.893S 

919 

844561 

776151559 

30.3150 

9.7224 

969 

938961 

909668909 

81.1288 

9.8966 

910 

846400 

778688000 

80.3815 

9.7259 

970 

940900 

913678000 

81.1448 

9.8890 

9n 

848241 

781229961 

80.3480 

9.7294 

971 

942841 

915498611 

81.1609 

9.9024 

923 

860084 

788777448 

30.3645 

9.7329 

972 

944784 

918330048 

81.1769 

9.9056 

928 

861929 

786380467 

30.8809 

9.7364 

978 

946729 

921167817 

81.1939 

9.9096 

924 

868776 

788889024 

80.8974 

9.7400 

974 

948676 

924010424 

81.3090 

9.9126 

926 

866626 

791463125 

80.4188 

9.7435 

976 

950626 

926869876 

81.2360 

9.9160 

926 

667476 

79402SfT6 

80.4802 

9.7470 

976 

962576 

929714176 

81.3410 

9.9194 

927 

859829 

796697988 

80.4467 

9.7505 

977 

964529 

932674888 

81.2570 

>.923T 

928 

861184 

799178752 

30.4631 

9.7540 

978 

956484 

935441852 

81.3780 

9.9261 

929 

868041 

801766089 

80.4795 

9.7675 

979 

958441 

938818789 

81.2890 

^^ 

980 

864900 

804857000 

80.4959 

9.7610 

980 

960400 

941193000 

81.8060 

9.9839 

961 

866761 

806964491 

80.5123 

9.7645 

981 

962361 

944076141 

81.8309 

9.9868 

982 

868624 

809567568 

80.5287 

9.7680 

982 

964324 

946966168 

81.8869 

9.9896 

988 

870489 

812166237 

80.5450 

9.7715 

968 

966289 

949863067 

81.8628 

9.9430 

984 

872356 

814780504 

80.6614 

9.7760 

984 

968256 

962768904 

81.8688 

9.9464 

166 

874225 

817400375 

30.5778 

9.7785 

985 

970226 

956671626 

81.8847 

9.9497 

166 

876096 

820025856 

30.5941 

9.7819 

986 

972196 

968585256 

81.4006 

9.9531 

967 

877969 

822656953 

30.6105 

9.7854 

987 

974160 

961604808 

81.4166 

9.9566 

968 

879844 

825293672 

80.6268 

9.7889 

968 

976144 

964480272 

81.4826 

9.9666 

m 

881721 

827936019 

30.6431 

9.7924 

969 

978121 

967861669 

81.4464 

9.9683 

940 

888600 

830584000 

80.6594 

9.7959 

990 

980100 

970399000 

81.4648 

9.9666 

941 

885481 

883237621 

30.6757 

9.7998 

991 

982081 

973242271 

81.4802 

9.9609 

942 

887364 

835886888 

30.6920 

9.8028 

992 

984064 

976191488 

81.4960 

9.9738 

948 

889249 

838561807 

30.7083 

9.8068 

993 

986049 

979146667 

81.6119 

9.9766 

944 

891136 

841232384 

30.7246 

9.8097 

994 

988086 

982107784 

-  81.6278 

9.9800 

946 

898025 

843906625 

80.7409 

9.8132 

995 

990025 

985074876 

81.6486 

9.9888 

946 

894816 

846590536 

80.7571 

9.8167 

996 

992016 

988047936 

31.5596 

9.9666 

947 

896809 

849278123 

80.7784 

9.8201 

997 

994009 

991026973 

31.5768 

9.9900 

948 

898704 

851971392 

80.7896 

9.8236 

998 

996004 

994011992 

81.5911 

9.998S 

949 

900601 

854670349 

80  8058 

9.8270 

999 

998001 

997002999 

31.6070 

9.996r 

950 

902500 

867875000 

80.8221 

9.8306 

1000 

1000000 

1000000000 

31.6228 

10. 

aare  or  eabe  of  any  whole  number  endlnff 

mit  all  the  final  ciphers.    Take  from  the  ti "    " 

)  of  the  rest  of  the  DamDer.    To  this  »quare  add  twta 

in  the  original  number.    To  the  o«(6«  add  thre*  tloM*  a 

ii' the  original  nomber.  Tbu,  for  906001;  9061  =  819025.  Add  twloe  2  oipbem.  obtainiut  8 


To  And  the  sqaare  or  eaoe  or  any  wnoie  nnmoer  enainff 
with  ciphers.    First,  omit  all  the  final  ciphers.    Take  from  the  table  the 

•quar«  or  oub«  (m  the  oase  ma/  be)  of  the  rest  oMhe^nomDer.    To  this  $miar«  uiAjwte*  an  many 


•quaraoroubefMtbecaMmar  .., „     ^        . 

tiphen  as  there  were  final  cipher*  in.thej'''i$?°'^  °H£?]^''*    ??}^!^  ^* 


thrM  tlBM*  as  manr  as 

oipbem.  obtaining  819026000QW 

^90600*7906*  =  741217626.  '  Add  8  timM  8  Ciphers,  obtaining  741817625000000. 
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TABLE  XXX.    THE  TRUE  MERIDIAN  AND  THE 
MAGNETIC  DECLINATION. 

The  method  given  below,  and  Tables  A  and  B  following, 
have  been  adapted  from  the  1914  issue  of  "Principal  Facts 
of  the  Earth's  Magnetism,"  published  by  the  U.  S.  Coast  and 
Geodetic  Survey. 

Determination  of  (i)  The  True  Meridian  with  a  Transit  by 
Observations  on  Polaris  at  Elongation;  (2)  The  Magnetic 
Declination. 

1.  (a)  Twenty  or  thirty  minutes  before  elongation,  as  found 
from  Table  A,  set  up  the  transit  over  a  previously  placed  hub. 

(6)  Bring  the  vertical  wire  upon  Polaris,  which  will  appear 
to  move  to  the  right  for  eastern  and  to  the  left  for  western 
elongation,  except  shortly  before  and  after  elongation. 

(c)  Using  the  tangent  screw  of  vernier  plate,  bisect  the  star 
imtil  no  fm^her  lateral  motion  is  apparent. 

(d)  Depress  the  telescope  to  the  horizontal  and  sight  a  strongly 
illuminated  plumb  line  or  pencil  held  vertically  over  or  upon 
a  piece  of  2  X  4-inch  lumber,  300  or  400  feet  north  of  instru- 
ment, which  has  been  previously  so  set  and  firmly  held  in  a 
horizontal  east-west  position  that  the  mark  sighted  will  be 
sure  to  fall  upon  it  when  the  star  is  at  elongation,  and  bring 
the  illuminated  object  precisely  into  the  Une  of  sight.  Mark 
on  the  2X4  the  point  thus  found.  Quickly  revolve  the  vernier 
plate  about  180°,  repeat  the  operation  and  bisect  the  distance 
between  the  two  points  thus  located  on  the  2X4.  A  line 
joining  this  point  with  the  transit  hub  will  lie  in  the  vertical 
plane  through  the  instrument  and  the  star  at  elongation. 

(e)  By  daylight  lay  off  to  east  or  west,  as  required,  the 
azimuth  taken  from  Table  B  for  the  latitude  of  the  place; 
the  line  of  sight  will  then  dei&ne  the  true  meridian.  Set  mon- 
uments if  wanted  for  future  reference. 

2.  The  magnetic  declination  is  found  by  reading  the  north 
end  of  needle  on  the  compass  circle  when  its  zero  Hes  in  the 
vertical  plane  of  the  line  of  sight,  while  this  is  in  the  true 
meridian.  To  determine  the  mean  daily  declination  find  the 
mean  of  a  set  of  declination  readings  taken  at  intervals  through- 
out the  day.  .tzedbyGoogle 
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TABLE  XXX. — Table  A.  Local  Mean  (Astronomical)  Time  of  the 
Culminations  and  Elongations  of  Polaris  in  the  Tear  1915. 

(For  Latitude  40**  North  and  Longitude  90°  West  of  Greenwich). 


Date. 

East 

Ui 

DDer 

West  . 

Lower 

Day  of  ElapsedlCorr., 

Elong. 

Culmin. 

Elong. 

Culmin. 

Month. 

Days. 

Min. 

"h" 

m 

T" 

m 

h 

m 

h 

m 

For    any    calendar    day 

Jan  1 

0 

51.7 

6 

46.9 

12 

42.1 

18 

44.9 

other  than   the  1st  or 
15th,  subtract  the  cor- 

Jan. 15 

23 

62.5 

6 

51.6 

11 

46.8 

17 

49.6 

rection  from  the  tabular 

Feb.  1 

22 

45.3 

4 

44.5 

10 

39.7 

16 

42.5 

quantities  for  the  ore- 

Feb.  16 

21 

50.1 

3 

49.2 

9 

44.4 

15 

47.2 

ceding  date. 

Mar   1 

20 
19 

54.8 
59.6 

2 

1 

54.0 
68.8 

8 

7 

49.2 
54.0 

14 
13 

62.0 
66.8 

Mar.  15 

Apr.    1 

18 

52.7 

0 

51.9 

6 

47.1 

12 

49.9 

2  or  16 

3  17 

4  18 

1 
2 
3 

3.9 
7.8 
11.8 

Apr.  15 
Alay    1 

17 

67.7 

" 

52.9 

5 

62.0 

11 

64.8 

16 

54.8 

22 

50.0 

4 

49.2 

10 

62.0 

6       19 

4 

16.7 

May  15 

15 

69.9 

21 

55.1 

3 

64.2 

9 

67.0 

6       20 

5 

19.6 

June    1 

14 

63.3 

20 

48.5 

2 

47.6 

8 

60.4 

7       21 

6 

23.5 

June  15 

13 

58.6 

19 

53.7 

1 

52.8 

7 

55.6 

8       22 

7 

27.4 

July    1 

12 

66.9 

18 

51.1 

0 

60.2 

6 

53.0 

9       23 

10  24 

11  25 

8 

9 

10 

31.4 
36.3 
39.2 

July  15 

12 

01.1 

17 

66.3 

" 

T^ 

5 

68.2 

Aug.    1 

10 

64.5 

16 

49.7 

22 

44.9 

4 

51.7 

12       26 

11 

43.1 

Aug.  15 

9 

69.8 

15 

55.0 

21 

50.2 

3 

66.9 

13       27 

12 

47.0 

Sep.    1 

8 

63.2 

14 

48.4 

20 

43.6 

2 

50.3 

14       28 

13 

51.0 

Sep.    15 

7 

68.3 

13 

63.5 

19 

48.7 

1 

56.4 

29 

14 

54.9 

Oct.    1 

6 

65.6 

12 

60.7 

18 

46.9 

0 

52.7 

30 
31 

16 
16 

58.8 
62.7 

Oct.  15 

6 

00.6 

11 

65.8 

17 

51.0 

23 

53.8 

Nov.    1 

4 

63.7 

10 

48.9 

16 

44.1 

22 

46.9 

Nov.  15 

3 

68.6 

9 

53.8 

15 

49.0 

21 

51.8 

^ 

Dec.     1 

2 

55.6 

8 

50.8 

14 

46.0 

20 

48.8 

Dec.  15 

2 

00.4 

7 

55.6 

13 

50.8 

19 

63.6 

A.  To  refer  above  tabular  quantities  to  any  year  other  than  1915, 
add  or  subtract  (as  indicated  by  -f-  or  —  signs)  the  number  of  minutes 
shown  below  for  the  respective  years: 

1916:  +1.6  up  to  March  1;    -2.3  on  and  after  March  1. 

1917:  -0.7;  1918:    +0.9;  1919:    +2.6. 

1920:  +4.0  up  to  March  1;    -0.1  on  and  after  March  1. 

1921:  +1.6;  1922:    +3.1;  1923:    +4.5. 

1924:  +5.9  up  to  March  1;    +2.0  on  and  after  March  1. 

1925:  +3.3;  1926:   +4.6;  1927:   +5.9. 

1928:  +7.2  up  to  March  1;   +3.3  on  and  after  March  1. 

E.  To  refer  the  table  to  standard  time  and  to  the  civil  day: 

(a)  For  each  degree  of  longitude  west  of  the  90th  meridian  add  4,  and 
for  each  degree  east  subtract  4,  minutes  from  the  tabular  quantities. 

(6)  The  astronomical  day  begins  twelve  hours  after  the  civil  day  of  same 
date.  Thus,  14  h.  62  m.  March  15  astronomical  is  2:62  a.m.  March  16 
civil  time. 

Two  eastern  elongations  occur  on  Jan.  14,  1916,  and  two  western  elonga- 
tions on  July  13,  1915:  two  upper  culminations  occur  on  April  14,  and 
two  lower  culminations  on  October  14.  Upper  and  lower  culmination, 
are  separated  by  11  h.  58.0  m. 

C.  For  every  degree  of  latitude  south  of  40°  add  0. 1  m.  for  west  elongation, 
and  for  every  degree  north  of  40°  subtract  0.16  m.  Reverse  these  oper- 
ations for  east  elongations. 

D.  For  every  15°  of  longitude  east  of  90°  add  0.16  m.,  and  for  every  16** 
west  of  90°  subtract  0.16  m.  Dg,,.^,  .^ GoOglc 
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Adjustments  of  transit 11 

wye  level 25 

Alignment 20 

Allowance  for  shrinkage 232 

Aneroid  barometer 3 

Angle,  deflection 42 

index 64 

sub-deflection 64 

Area  of  waterway,  formulas  for 259 

Areas  of  cross-sections,  five  level 234 

general  formulas  for 235 

level,  Table  XVII 446 

three  level 233 

three  level  correction 236 

Averaging  end  areas,  volume  of  prismoid  by 237 

Ballasting 277 

Barometer,  aneroid 3 

Bearings,  compass 6 

Bench  marks 29 

Berm 229 

Borrow  pit 216,    229,  233 

Bridge  chord 266 

Bridges,  estimates  during  construction 279 

on  curves 266 

trestle 263 

Bulkheads  for  trestle  bridges 264 

Caps  for  trestle  bents 264 

Center  of  gravity  of  cross-sections  on  curves 244 

Center  stakes 274 

Centrifugal  force 114 

Change  of  location 77,  89 

Chief  of  party 9 

report  of 37 

Clearing  and  grubbing 257 

Compass  bearings 8 
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Compass  party 8 

Constant,  instrumental 19 

Construction,  definitions 216-217 

Correction  for  curvature  of  the  earth 27 

Crandall,  C.  L 115 

Crellin,  E.  W 115 

Cross-country  lines 6 

Cross  haul 248 

Cro8S;-section  notes 231 

Crossing  frogs 209 

Crossing  slips. 211 

Crossovers,  curved  frogs  and  switch-rails 106-112 

straight  frogs  and  switch  rails 196-198 

Crotch-frogs. 166,  180,  183 

Culverts,  intersection  of  flow  line  and  embankment  side  slopes 261 

Curvature,  compensation  for 227 

correction  for  the  effect  of  the  earth's 27 

effect  of  on  train  resistance 227 

error  due  to 27 

Curve  functions  defined 41 

Curve  protractor 39 

Curves,  compound,  change  of  location 89-100 

location  problems 84-87 

obstacles,  to  pass 88 

track  problems,  frogs  and  switch-rails  curved.    100-113 

simple,  definitions  of  terms 41 

difference  in  length  of  arc  and  long  chord 57 
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obstacles  to  location ' 67-77 

through  a  given  point 74 

reversed,  location  of 106-112 

objections  to 100 

Curves,  transition 114-148 
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notes 136 
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